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2 1 SFP ;98!^  ABSTRACT '^f., TSo^^i^ ^ >; |^' 
In recent years, considerable attention has been 
devoted to the geochemistry of basic rocks. The 
secular compositional variation in basic magmatism 
through time has been studied by many workers. The 
overall composition of basic volcanics of different 
periods indicate that Archaean era is characterised by 
the predominance of less fractionated volcanism compared 
to that of younger ages. 
Generally the above studies are based on data 
from rocks which vary in time and spatial distribution. 
The Dongargarh system, (east of Bhandara Triangle in 
Central India) consist of basic volcanic rocks of tliree 
different ages and provides an excellent opportunity to 
study the problem of secular compositional variation in 
basic magmatism through time at the same place. The 
basic volcanics of above area are associated with 
rhyolites^ granites, and sandstones. These may be 
helpful in understanding the geological past of the 
area, the tectono-thermal and chemical conditions of 
the source magma which has given rise to these volcanics, 
specially during the period of their eruption. 
With the above objectives, a part of the 
Dongargarh system has been mapped and representative 
samples of basic volcanics of three different ages 
i i ) . 
alor^g with rhyol i t es and gran i tes were col lec ted for 
pe t ro logica l and geochemical s t ud i e s . 
The studied area over l i e s unco^^forinajDly the 
Amgaon group and consis ts of B i j l i r hyo l i t e s , porphyr i t ic 
inicrogranite/ Dongargarh g ran i t e , Bortalao and Karutola 
sandstones and Dongargarh bas ic volcanics (Pitepani , 
Si tagota and Mangilchuta) , 
The petrographic s tudies of B i j l i rhyol i te and 
porphyr i t i c microgranite show considerable heterogeneity 
both in t h e i r t ex tura l features and mineralogical compo-
s i t ion , \^hereas/ Dongargarh gran i te shows l i t t l e v a r i -
ation in t ex tu ra l features and mineralogical composition. 
The bas ic volcanics of the area reveal a close s imi l a r i t y 
in the iiaineral assemblage and t ex tu ra l r e la t ions v/ith 
each other and have suffered greenschis t f a d e s metamor-
phism. 
The chemical analyses of B i j l i rhyo l i t es and 
porphyr i t ic microgranite show higher concentration of 
ferromagnisium elements (MgO, FeO, Ni, Co, Cr) as 
compared to s imi lar rocks. They also show wide var ia t ion 
and non-uniformity in t h e i r elemental d i s t r ibu t ion and 
t h e i r t r ace elemental composition i s not re f lec ted in 
t h e i r major elements. I t i s suggested tha t B i j l i rhyol i t es 
have formed by the p a r t i a l melting of the sediments l i k e 
greywackes and a r g i l l i t e s . The poirphyritic microgranites 
i i i ) . 
laay be a p a r t of B i j l i rhyo l i t e and might have formed by 
the remelting of the B i j l i rhyo l i t e s by upwelling 
Dongargarh g r a n i t i c magma a t a l a t e r per iod , Dongargarh 
grani te i s adamellite in composition and shows uniformity 
i r j 
and l e s s v a r i a t i o n / i t s elemental d i s t r i b u t i o n . I t i s 
suggested t h a t the Dongargarh grani te represents a 
separate phase of huge acid igneous a c t i v i t y and has 
formed by the p a r t i a l melting of the c ru s t . 
Among Dongargarh bas ic volcanics , the lower 
(Pitepani) and middle (Sitagota) bas ic volcanics are 
mostly b a s a l t s , whereas, the upper bas ic volcanics 
(Mangikhuta) are b a s a l t i c - a n d e s i t e s . Most of these 
volcanics have been subjected to var iab le degree of 
a lka l i metasomatism. The elemental abundance and 
var ia t ion pa t te rn in the above volcanics suggest tha t 
they are t h o l e i i t i c in nature and have erupted on a 
thick cont inental c ru s t . 
The major element composition of Dongargarh bas ic 
volcanics i s comparable to cont inental t h o l e i i t e s , but 
the t race element abundances vary and have a wide range. 
The lov/er bas ic volcanics show moderate Ni and Cr 
contents comparable to cont inental t h o l e i i t e s , whereas, 
the middle and upper bas ic volcanics are enriched in Ni 
and 
and Cr/are comparable to oceanic/Archaean t h o l e i i t e s . 
iv) . 
Tl:e Dongargarh bas ic volcanics can be r e l a t ed tx) 
a common magmatic source in the upper mantle, d i f f e r e n t i -
a t i J to var iab le degrees under differe i t physico-
cheircLcal conditions and depths as they show increase of 
ingO/ SiO^, Ni, Cr, Mg/i^ !g+Fe/ Fe20_/FeO and decrease of 
A1^0_/ FeO and TiO from older to younger bas ic volcanics, 
The lower bas ic volcanics which have moderate major and 
t race element contents show d i s t i n c t continental t h o l e i i -
t i c a f f in i ty which can be r e l a t ed to lower degree of 
p a r t i a l melting of anhydrous p e r i d o t i t e upper mantle. 
The middle and upper bas ic volcanics are high in s i l i c a , 
ferromagnesiura major and t race element contents as 
compared to lov/er bas ic volcanics» and can be r e l a t ed 
to the large amount of p a r t i a l melting of hydrous per ido-
t i t e upper mantle a t r e l a t i v e l y greater aepths. 
The overal l conposition of the Dongargarh bas ic 
volcanics sho^ -7s increase of ferromagnesium elements with 
t ha t 
the decreasing age, thus ind ica t ing a f t e r Proterozoic 
onwrrdc the bas ic volcanism do not show secular coirposi-
t iona l var ia t ion with time. But, t h e i r compositions are 
probably control led by the amount of p a r t i a l melting, 
var iab le degrees of d i f f e ren t i a t ion , depth and physico-
chemical conditions of the upper mantle source. 
Spat ia l re la t ionships and petrochemical character-
i s t i c s of the rocks of Dongargarh system ind ica te t h a t 
the volcanism and sedimentation was in an i n t r a c t r a t o n i c 
v ) . 
GeGj.rnentary basin• A comparision of the geology of 
Dongargarh systemjifend adjacent Chattisgarh basin 
secfuences, suggest a s ingle i n t r ac ra ton ic basin model 
zor t h e i r deposi t ion. The B i j l i rhyol i tes and lower 
bas ic volcanics of Dongargarh system were extruded in 
a large bas in . The g r a n i t i c a c t i v i t y of Dongargarh 
system probably, made t h i s basin shallow in the 
western s ide , as the Bortalao sandstone i s mostly 
confined in the western s ide and show r e l a t i v e l y poor 
sor t ing as compared to upper Karutola sandstone which 
i s confined to the eastern s i d e . The above study also 
indica tes t h a t the basin has probably receded towards 
the eastern side where the sediments of Chatt isgarh 
basin (Chandrapur sandstones and Raipur limestones) 
were deDOsited, 
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INTRODUCTION 
Over the last two decades or so, a close 
relationship between tectonic environment and 
composition of volcanic rocks has been observed by 
many v/orkers (Engel et al, 1965; Dickinson and 
Hatlierton, 1967; Dickinson, 1968; Kuno, 1968; Jakes 
and White, 1972; Mohr, 1972; Pearce and Cann, 1971, 
1973; Miyashiro, 1974; Pearce et al. 1975, 1977). 
It has been noted that different tectonic settings 
have different type of volcanics, like island arc 
volcanics, mid-oceanic ridge volcanics, continental 
volcanics and active continental margin volcanics 
and so on. 
The characteristics of these volcanics from 
different tectonic settings have been determined 
and as a result of these studies certain generalised 
pictures have emerged. In general, it has become 
possible to loiow in what respect a certain group 
of volcanic rocks from a particular tectonic setting 
is different from the others. However, some overlap 
has also been noticed and totally distinct chemical 
parameters have not yet been evolved. Moreover, this 
aspect can be applicable to Phanerozoic rocks as the 
tectonic settings of this era are relatively better 
2 
known. As we go back in to the geological periods of 
Precarabrian era, many parameters contr ibute to 
uncer tani ty and ambiguity. Erosion, metamorphism and 
other s imi lar processes including a l t e r a t i o n s have 
ob l i t e r a t ed and removed many v i t a l cha rac t e r i s t i c s of 
priiTdtive volcanic rocks, which are preserved in 
Phanerosoic e ra , 
Geochemical and pet ro logica l s tudies have brought , 
a good corre la t ion between the magma composition, the 
depths of t h e i r formations and physico--chemical 
conditions of the upper mantle (Kuno, 1959, 1966; Yoder 
and T i l l ey , 1962; Ringwood, 1966; Kushiro, 1969; Green 
and Ringwood, 1972; Nicholls and Ringwood, 1973), The 
contamination during the ascent of the magma and i t s 
d i f f e ren t i a t ion also have great impact on i t s end 
products (Hamilton, 1965; Green and Ringwood, 1969; 
Condie e t a l , 1969; Naqyi and Hussain, 1973a; Naqvi e t 
a l , 1974 a, b ) , Apart from these, the most important 
fac tor which might have affected the composition of 
volcanics i s the geological age. The tec tonic environment 
of the ear th i t s e l f has xondergone a change from permobile 
to s t a b i l i s e d cratonic and p l a t e t ec ton ic phases. The 
c rus ta l thickness i t s e l f seems to have changed during the 
geological p a s t . All these tec tonic processes are 
expected to have t h e i r impact on the composition of the 
,1 
primit ive volcanic rocks. This gives r i s e to the 
important problem of secular var ia t ion in the composition 
of the rocks, which has been studied by many workers 
during l a s t few years (Anheieusser e t a l , 1969; Baravj^r 
and Goodwin, 1969; Viljoen and Viljoen, 1969a, b ; HafTvi 
and Hussain, 1973a, b ; Condie and Baragar, 1974; Naqyi 
e t a l . , 1974b; Lowman J r . 1975; Shaw,1972, 1976; Naqvi, 
1976a, b, 1979)• Generally, these s tudies are based on 
data from rocks vzhich JMH?y in time and geographical 
d i s t r i b u t i o n . In cent ra l India, an area eas t of Sakoli 
synclinorium (popularly known as Bhandara Triangle) and 
west of Chattisgarh basin (Fig. l ) , consis ts of bas ic 
volcanic rocks of three d i f fe ren t ages which forms the 
studied area . In o ther words, the time of t h e i r 
extrusion d i f fers considerably, but not in space, and 
thus i t provides an exce l len t opportunity to study the 
fundamental problem of changes in composition of bas ic 
magmatism through time a t the same p l a c e . In recent 
years, some work on the geology, s t ruc tu re , tec tonics and 
geochronology, in some par t s of the area under study has 
been done (Sarkar, 1957-58; Sarkar e t a l . 1967; Sarkar, 
1972, 1980), but the evolutionary h i s to ry of t h i s p a r t of 
centra l India i s not fu l ly understood as yet and the 
reconstruction of the sequence of geological events i s 
s t i l l not c l ea r . 
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In t h i s region, bas ic volcanics of d i f fe ren t 
periods of Precanibrian era occur along with other rod: 
types ( rhyol i tes and g r a n i t e s ) . These may be helpful in 
understanding the geological pas t of the area, the 
tectono-therTTial and chemical conditions of the sourc-
magma which has given r i s e to these volcanics/ spec ia l ly 
during the period of t h e i r erupt ion. 
With the above objec t ives , geological mapping, 
pe t ro logica l and geochemical inves t iga t ions of the 
representa t ive rock types have been car r ied out in the 
most c r i t i c a l p a r t of t h i s region (Fig, l ) . Fresh 
samples of rhyo l i t e s , grani tes and bas ic volcanics have 
been col lec ted for laboratory i nves t i ga t i ons . Major, 
minor and t race elements have been determiaed and 
pe t ro log ica l s tudies were car r ied out for 63 rock 
samples. Based on these data cer ta in important aspects 
l i k e the conparabi l i ty of the Dongargarh volcanics with 
those of the Archaean, Proterozoic and Phanerozoic eras , 
the continental t h o l e i i t i c nature of these bas ic 
volcanics and the secular compositional va r ia t ions and 
petrogenesis have been s tudied. Besides these s tudies 
the composition and petrogenesis of the ac idic rocks 
from t h i s area have also beerj inves t iga ted . These s tudies 
are presented here in the following chapters . 
n 
In Chapter 1, s a l i e n t features of the previoiis 
work on the geology of Bhandara t r i ang le and i t s 
adjoining areas have been summarised. In Chapter 11, 
the geology and s t ra t ig raphy of the studied area i s 
described. Chapter I I I deals v/ith de ta i led petrolcqiC-.l 
and mineralogical descr ipt ion of the individual l i t h o l o -
g ica l un i t s i»e,» B i j l i rhyo l i t e s , porphyr i t ic micro-
granite» Dongargarh grani te and Dongargarh basic 
volcanics (Pitepani, Si tagota and Mangikhuta), The 
geochemistry of the various rock \ ini ts has been 
presented in Chapter IV and the va r i a t ions in t h e i r 
major, minor and t race elemental concentrations have 
been discussed. Chapter V i s devoted to a discussion on 
the petrogenesis of acid aiid bas ic igneous rocks of the 
area based on the geological , pe t ro logica l and geochemi-
cal data presented in the previous chapters , >^ile in 
Chapter VI, the corrpositional va r i a t ions in Dongargarh 
volcanism through geological time has been discussed and 
most probable tec tonic model based on the present s tudios 
i s suggested for the a rea . The r e s u l t s of the i n v e s t i -
gations and the conclusions have been summarised in 
Chapter VII. 
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CHAPTIIR I 
PREVIOUS WORK AMD GENSR.'^ L GEOLOGY OF THiS ARSA 
I n t h e Nagpur , Bhandara and Drug d i s t r i c t s of 
C e n t r a l I n d i a / t h e t r i a n g u l a r e x p o s u r e of rnGtamorpiiic 
r o c k s ( c a l l e d t h e S a k o l i s ) / cornpr ise a t e c t o n i c a l l y mos t 
c r i t i q a l r e g i o n named a s 'Bhanda ra t r i a n g l e * by 
Bhat tacharJQQ ( i n Fermor , 1936) . Tho t r i a n g u l a r a r e a i s 
b o r d e r e d on t h e s o u t h w e s t by Godavar i b e l t , on t h e n o r t h -
w e s t by S a u s a r e r o g e n i c b e l t and on t h e e a s t by 
Dongargarh System ( F i g . 1 ) . 
G e o l o g i c a l work h a s been c a r r i e d o u t s i n c e 1900 
by s e v e r a l worke r s and t h e r e s u l t s have been summarised 
by Fermor (1909/ 1931^ 1932 , 1934, 1935 , 1 9 3 6 ) , Heron 
(1936, 1937 , 1938 , 1 9 3 9 ) , Pascoe (1927, 1929 , 1930, 1 9 5 0 ) , 
S a r k a r ( 1 9 5 7 - 1 9 5 8 ) ; S a r k a r e t a l . ( 1 9 6 7 ) , and K r i s h n a n 
(1968) . The P r e c a m b r i a n f o r m a t i o n s i n t h i s r e g i o n were 
c l a s s i f i e d as t h e S a k o l i and S a u s a r s e r i e s which were 
c o n s i d e r e d t o b e t h e e q u i v a l e n t of Dharwars by B h a t t a c h a r -
jete and S a u s a r s e r i e s were t h o u g h t t o be t h e basemen t f o r 
S a k o l i r o c k s ( K r i s h n a n , 1968 , p . I l l ) . 
I n r e c e n t y e a r s some d e t a i l e d work on s t r a t i g r a p h y , 
t e c t o n i c s , s t r u c t u r e and g e o c h r o n o l o g y of p a r t of t h e 
above a r e a h a s b e e n c a r r i e d o u t b y S a r k a r e t a l , ( 1 9 6 7 ) , 
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Sar .car (1956 a , b , 1 9 5 7 - 5 8 , 1972, 1980) . S a r k a r ( i b i d ) 
r e c o n g n i s e d Amgaon Group, i n a d d i t i o n t o thic S a k o l i s and 
S a u s a r s , which forms t h e b a s e m e n t f o r t h o s e r o c k s and 
•^Iso a new sys t em of r o c k s e a s t of Bhandara t r i a n g l e , 
which ho named as Donga r ga rh S y s t e m / b e l t . He a l s o d c s c r i -
t h i s 
b e d i n h i s l a t e r w o r k / Dongargarh Sys tem as Donga rga rh 
S u p e r Group (Raja Rao, 1976 ; T r i p a t h i e t a l . 1 9 7 6 ) . a 
b r i e f d e s c r i p t i o n of t h e s e g roup of r o c k s i s g i v e n b e l o w . 
1.1 AMG/tON GROUP: 
The itogaon f o r m a t i o n s were p r e v i o u s l y i n c l u d e d i n 
t h e S a k o l i g roup by S a r k a r (1957-58) . B u t , on t h e b a s i s 
of t h e l a t e r v;ork s u p p o r t e d by K-Ar and Rb-Sr age d a t a 
S a r k a r e t a l , (1967) s u g g e s t e d t h a t t h e Amgaon f o r m a t i o n s 
form t h e b a s e m e n t on which t h e S a k o l i r o c k s were d e p o s i t e d , 
Amgaon Group i s a new name which h a s been p r o p o s e d 
by S a r k a r e t a l . ( 1 9 6 7 ) f o r p a r a - and o r t h o - m e t a m o r p h i c 
r o c k s and c o n s i d e r e d t o b e t h e b a s e m e n t f o r younge r 
f o r m a t i o n s (Dongargarh , S a k o l i and S a u s a r ) • The 
f o r m a t i o n s of t h i s g roup o c c u r as i n l i e r s w i t h i n t h e 
r o c k s of Dongargarh Sys tem, as i n t e r v e n i n g s p a c e s 
be tween S a u s a r and S a k o l i s e r i e s and a l s o be tween S a k o l i 
s e r i e s and Dongargarh S y s t e m , The p a r a - m o t a m o r p h i t e s 
i n c l u d e q u a r t z - b i o t i t e s c h i s t , q u a r t z - s c r i c i t e s c h i s t , 
f c l d s p a t h i c q u a r t z i t c and g a m e t - c p i d o t e q u a r t z i t e , 
w h e r e a s o r t h o - m e t a m o r p h i t c s i n c l u d e e p i d i o r i t e , amphi -
0 
bo l i t : ) and hornblende s c h i s t , Amgaon g r a n i t e gneiss t . s 
(v7hich inc lude augen g n e i s s e s , s t r e a k y and banded g n e i s s -
es emd migmati tes) have formed by p r o g r e s s i v e ' i n s i hu' 
s y n t e c t o n i c g r a n i t i z a t i o n of the Amgaon me tamo rp h i e s 
dar ing Amgeon orogeny ( ib id ) . 
1,2 SAKOLI SERIES: 
The name Sako l i beds ( l a t i t u d e t 20° 30 ' to 21° 
30') ( l o n g i t u d e : 79° 30' to 80° 00 ' ) was i n t roduced by 
Bal l (1877) a f t e r t h e Sakol i v i l l a g e i n the Bhandara 
d i s t r i c t of Maharastra fo r the southern s t r i p of t he 
s c h i s t o s e rocks of C h a t t i s g a r h b a s i n . P rev ious ly they 
were des igna ted as C h i l p i beds by King (1885) and C h i l p i 
Ghat s e r i e s by Burton ( in Middlemiss 1915) , L a t e r , p a r t 
of the Sakol i s c r i e s was s t u d i e d by C h a t t e r j e c ( i n Fermor 
1931) who envisaged t h e s t r a t i g r a p h i c success ion of t h e 
Sakol i s e r i e s (Table Ih) and recognised s y n c l i n a l 
s t r u c t u r e a t the sou the rn and southwestern t i p of the 
t r i a n g l e , 
S r i v a s t a v a and Sa rka r (in Sarkar 1957-58) 
i n t e r p r e t e d tlie n o r t h e a s t e r n t i p of t h i s t r i a n g l e to be 
the c l o s u r e of s t e e p l y p lunging sync l ino r ium. The 
syncl inor ium shows s u b v e r t i c a l to s t e ep (nor thwest and 
westward) dipping f l a n k s (about 50 kms long) which v/idcn 
o u t towards south and southwest and r e s u l t s i n a l a r g e 
JO 
t r i angu la r oqoosure, and they (ibid) proposed a s t r a t i -
graphic succession across the subycrt ical northv>rcstern 
limb (Table IB) . Sen Gupta (1965) proposed a succe-
ssion across the sabver t ica l eastern limb in the northern 
p a r t of the t r i ang le (Table IC) and also suggested th c 
the Sakoli rocks have suffered two successive phases of 
folding. The f i r s t phase F, mainly involved i s o c l i n a l 
folding of the bedding plane S, and development of 
mineral fo l ia t ion S„ (axial plane type) defined by 
preferred or ien ta t ion of muscovite and b i o t i t e and 
dimensionally elongated quartz g r a in s . Later superposed 
folding F_ involving both small-scale and l a rge -sca le 
warps on S, and S^, was associated with the develop-ment 
of s t r a i n s l i p type cleavage S_, 
Li thological ly , the rocks belonging to the Sakoli 
group consis t of chlorite-muscovite schist* c h l o r i t e -
homblende schist* hacmat i t e - se r i c i t e qua r t z i t e , a l b i t e -
microcline qua r t z i t e , p h y l l i t e and s l a t e . In addit ion to 
t h i s , thick bodies of ep id io r i t e s are also associated 
with i t . Sakoli rocks have been affected by low grade 
metamorphism, in cont ras t to the high grade rocks of 
northern b e l t (Sausar Series) which i s character ised by 
ca lc -g ranu l i t e s , marbles, garnetiferous sch i s t and 
manganese s i l i c a t e s . 
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1.3 G;iUS.iR SERIES: 
The nor the rn s t r i p of the C h i l p i rocks s e r i e s was 
f i r s t s t u d i e d s y s t e m a t i c a l l y by Fernior (1909) . To those 
rocks he gave t?ie name Sausar s e r i e s ( l a t : 21 20' to 
22° 0 0 ' ; l ong : 78° 00 ' to 80° 30') a f t e r the Sausar 
Tehs i l in Chindwada d i s t r i c t and subdiv ided the s e r i e s 
i n t o s eve ra l s t age s ( in Pascop,19 27)«• The Sonawani 
s e r i e s of Burton (in MiddlemiS/ 1915) and C h i l i p i s e r i e s 
of King (1885) were recogn i sed by Fermor as p a r t s of 
Sausar s e r i e s , which show d i f f e r e n t metamorphic grade 
and perhaps con ta in ing some beds which a re n o t 
r e p r e s e n t e d i n the S a u s a r s . 
The Sausar group of rocks mainly i n c l u d e r eg iona -
l l y metamorphosed p e l i t i c / psammit ic , c a l ca reous sediments 
and manganese oreS/ which form an a r c u a t e b e l t of about 
200 kms. i n l eng th and 30 kms. i n w i d t h . I t i s convex 
towards south and extends from Chindwada d i s t r i c t wi th 
WNW to ESE t r e n d and assumes e a s t - w e s t s t r i k e i n Nagpur 
and Bhandara d i s t r i c t s which g r a d u a l l y vee r s to ENE in 
the Ba lagha t d i s t r i c t . 
The s t r u c t u r e of the Sausar b e l t i s compl icated 
and p a r t s of i t have been worked o u t by Fermor (1936), 
West (1936), S t raczek e t a l . (1956), Narayanaswamy and 
Subramaniam (1959), and Basu and Sa rka r (1966) . 
accord ing to S t r aczek e t a l . (1956) the s t r u c t r e i s qr i i te 
13 
complex and the rocks have undergone several major 
periods of folding. The southern part of the belt 
constitutes a zone of isoclinal folds with steep dips 
(50 to 60 ) to the south. In the middle strip the folr,-:: 
are recumbent with 30 to 60 dip to south and the 
northern strip shows thrust sheets (nappes). 
The generalised succession of Sausar series by 
Straczek et al, (1956) is given in Table 2h, The 
stratigraphic succession established by Basu and Sarkar 
(1966) is given in Table 2B, which differs from previous 
generalised succession of Straczek et al, (1956),- From 
the other successions which were suggested from time to 
time, it is quite clear that the successions established 
by various workers in different parts of the Sausar belt, 
differ from place to place and none of these may be valid 
for the whole SauS'or belt. A detailed and comprehensive 
study appears to be still needed to establish the 
cor'relation and stratigraphy, 
Lithologically, the rocks belonging to Sausar 
group are largely argillaceous and arenaceous in the 
south and east, which become • more calcareous in the 
north and west. The manganese horizon occurs in associ-
ation with the argillaceous materials rather than with 
the calcareous. The rocks in the western part are more 
metamorphosed and granitised, whereas, in the eastern 
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part they are less metamorphosed. The grade of metamor-
phism increases gradually from eastern side towards 
westward and northward of the belt. The eastern side 
is characterised by the occurrence of phyllites contcia-
ing sericite and chlorite etc./ whereas, towards wo:;t;:ar'''s, 
garnet/ staurolite» biotite and kyanite appear while in 
the northwestern and northern parts of the belt sillima-
nite and garnet are well developed* 
1.4 DONGARGARH SYSTEM 
In the eastern side of the Bhandara Triangle 
(Sa'koli series)/ Sarkar (1957-58) has recognised a new 
system of rocks, which he named as Dongargarh system 
(lati 19° 50' to 21° 45* J longj 80° 00' to 80° 50'). 
This system constitutes a belt which is upto 90 kms 
in width and stretches NNE for more than 130 kms in 
length and includes the rocks of Nandgaon and Khairgarh 
group, between the Sakoli synclinorium on the west and 
Chattisgarh Cuddapah basin on the east. Sarkar (1972/ 
1980) has established a generalised stratigraphic 
succession of this system, which is summarised in 
Table 3. In Dongargarh system Amgaon group is usually 
overlain by (a)Nandgaon and (b)Khairgarh group of rocks. 
The rocks of this system are more metamorphosed in the 
western part which has resulted in the obliteration of 
the sedimentary structures, whereas, in the east they are 
c 
IG 
l e ss ractamorphosed and have re ta ined some sedimentary 
s t ruc tures which help in building up the s t r a t i g raph ic 
sequence. So far , except geological s tudies no gocche-" 
inical work has been done on the rock formations of th i s 
area . 
1 ,4 .1 . (a) Nandgaon Group: This group includes 
thick formation of B i j l i rhyol i tes and Pitepani bas ic 
volcanics , Pi tepani bas ic volcanics unconformably 
over l ie the B i j l i r h y o l i t e s . The Dongargarh grani te i s 
emplaced a f te r the Nandgaon orogenic phase, 
1,4,2 (b) Khairgarh Group; This group unconformably 
over l ies the Nandgaon Group, I t cons i s t s of the following 
rock formations from the base upwards. Bortalao sand-
stones, Si tagota bas ic volcanics , Karutola sandstones and 
Mangikhuta basic volcanics . I t i s unconformably overlain 
by Chattisgarh and Cuddapah sedi^ments • 
After c r i t i c a l consideration • of the avai lable data 
Sarkar (1980) deciphered regarding the regional geology 
of Bhandara t r iangle) t h a t : 
a, Amgaon group appears to be older than c,2300 m,y, 
(million yea rs ) . 
b , B i j l i rhyol i t es are about 2200 m,y. o ld , 
c , Dongargarh grani te invading folded rhyol i tes are 
s l i g h t l y younger than c.2200 m.y. 
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d, Khairgarh group (1760 ra,y, c.lOOO m.y.) i s younger 
than Dongargarh grani te and i s unconfonnably 
ovorleiln by the Chat t isgar^ supergroup. 
e . The Sakoli and Sausar groups were deposited in 
separate basins under d i f ferent conditions and had 
d i f fe ren t tec tonic h i s t o r i e s , 
f, The Sakoli orogeny ( i s t phase) closed a t 1330 m.y, and 
( l lnd phase) during 862~950 m.y. and the Sausar 
orogeny closed during 874-995 m.y, 
g. Both the Sausars and Sakolis are post-Amgaon in age 
on geotectonic evidence, 
h . During the Sausar orogeny, the NW p a r t of the Sakoli 
synclinorium was affected by deformation and metamor-
phism and the Sakolis seem to be older than the 
Sausars on tec tonic evidence. 
i . Chatt isgarh Supergroup rocks which unconformably 
over l ie the folded Khairagarh Group appear to be 
younger than c,900 m.y . (? ) . 
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TABLE 3, GENEPu-iLlSED CHROWOSTRATIGRi^PHIC SUCCESSION IN THE 
DONGARGARJn BELT, MTiDHYA PRADESH 
(Modified after Sarkar, 1972 and given in 
Sarkar 1980). 
Chattisgarb 
Supergroup } R a i p u r Group Chandan^ur S a n d s t o n e 
____ Unconformity____ 
K h a i r g a r h 
Group 
K 
l; ) ; ) ; 
:; 
1; 
11 
i: 
i : 
i ; 
K 
i : 
i : 
Nandgaon 
Group 
Khairagarh orogenic phase 
(c. 900 Ma ?) 
Mangikhuta volcanics 
Karutola sandstone 
Sitagota volcanics (1433 Ma) 
(intertrappean shale)(1760 Ma) 
Bortalao Sandstone 
(Basal shale) (1610 Ma) 
Unconformity 
Dongargarh granite ( c, 2200 Ma) 
Pitepani volcanics 
Bijli rhyolites (c, 2200 Ma) 
Amgaon 
Group 
K 
j ; 
i ; 
i : 
i : ) ; 
i ; 
!! 
1 ! 
1 1 
J ; 
!; 
Amgaon orogeny, metamorphism and 
Grani t i sa t ion ( c, 2300 Ma) 
Quar tz - se r ic i t e sch i s t , f e l spa th ic 
q u a r t z i t e , garnet-epidote qua r t z i t e , 
hornblende-biot i te qua r t z i t c , 
hornblende s c h i s t and amphibolitc. 
1^ 
CliAPTER II 
GEOLOG\ AND STRATIGRAPHY OF THE .4REA 
An area of about 4L0 sq.\"ms. hrs been ma---ipid 
on 1" to a mile scale between latitude: ?1 00' t; 20 
17' and longitude: 80° 16' to 80'^ 37' which forms parts 
of toposheets 64 C/8 and 64 C/12 (Fig. 2). Representative 
sarnplGs have bucn collected from the basic and acidic 
igneous rock formations of the Dongargarh System which 
comprises of Nandgaon and Khairgarh Group of rocks. The 
nomenclature of these rocks is retained as used by 
Sarkar (1957-58). The succession of the rock types of 
the area under study along with that of SarRar is 
presented in Tabic 4, Previously Bhattacharjee(in Fermor 
1934, 1935; Heron 1936, 1937, 1938) did geological 
mapping in the above and adjoining areas, Bhattacharjee's 
mylonite, cataclasite and flasor rocks are found by the 
present author as rhyolitos, tuffs and ignimbrites, and 
his recrushed conglomeratic mylonitos as rhyolitic 
agglomerates. 
It can be seen from Table 4, that the succession 
worked out after the present studies and the one given 
by Sarkar is similar to a certain extent, except the 
Bijli rhyolite and rhyolitic conglomerate designated by 
Sarkar are found to be rhyolite, tuff, ignimbrite and 
rhyolitic agglomerate respectively, Sarkar (1957-58) 
20 
FIG 2 
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TABLE 4 . STRATIGRAPHIG SUCCESSION OF PART OF DONGARGARH 
SYSTEM ( E7iST OF BBriND:iR;i TRIANGLE ) . 
£\Y£JLJ^X.J i iE]? / l£ (1957~5_8) P r o p o s e d by 7-^uthor 
Man g i khu t a an dc s i t o 
Karutola sandstones 
Unconformity 
Sitagota andosltcs 
Bortalao sandstones 
Mangikhuta basic volcanic? 
Karutola sandstones 
^Unconf ormi ty ^ 
Sitagota basic volcanics 
Bortalao sandstones 
Unconformity Unconformi ty 
Dongprgarh gr?nite 
Porphyritic microgranito 
Pitopani andcsite 
Rhyolitic conglomerate 
Biili rhyolite 
Dongargarh granite 
Pitepani basic volcanics 
Porphyritic microgranito 
Bijli rhyolite (rhyolite, 
tuff/ ignimbritC/ 
rhyolitic agglomerate) . 
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considorod a l l tho b a s i c vo l can i c s of the a rea as 
andv_.sitcs whereas, t h e au thor on t h e b a s i s of rhG 
chemical and p c t r o l c g i c a l s t u d i e s (presen ted in tht-
follov/ing chapters ) has found lo\ /cr (P i topani ) and 
iTiiddle (SitagoLa) b a s i c vo l ccn ic s mainly as b a s a l t s 
and younger (Mangikhuta) b a s i c v o l c a n i c s as a n d e s i t e s 
and grouped them under b a s i c v o l c a n i c s . 
Sarkar (1957-58) has observed t h o t coarse 
g ra ined g r a n i t e has formed by g r a n i t i s a t i o n p roces se s 
from r h y o l i t e through mic rog ran i t e whereas, t he au thor 
(on tho b a s i s of f i e l d i n v e s t i g a t i o n s and l a b o r a t o r y 
s t u d i e s p r e s e n t e d i n the fol lowing chap te r s ) p r e f e r s 
to p u t r h y o l i t e and mic rog ran i t e t o g e t h e r and coarse 
g ra ined g r a n i t e (Dongargarh g r a n i t e ) s e p a r a t e l y . 
2.1 BIJLI RHYOLITES 
The rocks d e s c r i b e d under B i j l i r h y o l i t e i n c l u d e 
p o r p h y r i t i c r h y o l i t e , i g n i m b r i t e , t u f f s and r h y o l i t i c 
agg lomera tes . The p o r p h y r i t i c r h y o l i t e i s wel l exposed 
in and around the a r ea s of S i r p u r colony ( l a t . 21° 04 ' : 
l ong . 80° 2 6 ' ) , Padampur (21° 0 5 ' : 80° 2 6 ' ) , 2 kms. 
south e a s t of P a r a s t o l a (21° 3 ' : 80° 23') and a t Mulla 
(21 1 0 ' : 80 2 3 ' ) . The r h y o l i t e s a re grey , pink-brown 
and l i g h t green in co lou r and c h a r a c t e r i s e d in having t h e 
phenocrys t s of f e l d s p a r and qua r t z which a re embedded 
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in a dense aphanotic groundmass. The phonocrysts range 
from fovj millimeters to 8 mm. in diameter and ate 
generally rounded to elliptical in shape. Amon^ the 
phenocrycts, feldspar phenocrysts are more abundant than 
the quartz phenocrysts. 
The ignimbrites are exposed near Chistola (21 15': 
80° 25') and Mandipar (21° 21': 80° 29'). They are light 
grey to dark grey in colour, and have angular fragments 
of rocks and minerals. The fragments which are mostly of 
rhyolito have a maximum of 1" diameter/ are embedded in 
a dense aphanetic groundmass and do not show any 
orientation. 
Tuffs are non-porphyritic in nature and are 
exposed near Rondha (21 19' : 80 29'). They are g^E^^io 
to dark grey in colour with a dense aphanetic groundmass 
showing alternate thin bands of pale brown to dark brown 
colours with few blebs of feldspars and quartz, of loss 
than 3 mm. in diameter. At places, the primary planar 
and swirling flov; layers are well developed in it and 
are recognisable by different colour bands which vary 
from 1 to 2 mm in thickness. The strike of flow banding 
dip of 
i s general ly north-south and the amount of/flow banding 
i s v e r t i c a l to 70 oast or west, though loca l ly s t r i k e 
var ies from northwest and nor theas t . The flow l ines are 
sometirav^s recognisable but they are not so well developed 
as the flow l a y e r s . 
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The rhyo l i t i c agglomerates are well exposed in the 
nala sections and on the mounds, near Dhobisarad (21 5 ' : 
80''^  21') and Vfedegaon (21° 8 ' : 80° 2 2 ' ) . Conpositionally 
they are dominated by the angular r h y o l i t i c fragments of 
various s izes which range from a fract ion of an inch 
to a foot across . 
2 . 2 PORPHYRITIC i ^ CROGRANITE 
P o r p h y r i t i c m i c r o g r a n i t e c r o p s o u t i n a l m o s t e l l i -
p t i c a l form and o c c u r s a s pods w i t h i n r h y o l i t o and i s 
e x p o s e d a r o u n d D e o r i (21° 4 •? 80° 2 2 ' ) and Borgaon 
(21° 0 0 ' s 80° 2 3 ' ) . I t i s c o n p a c t , p a l e brown t o r e d d i s h 
brov/n i n c o l o u r and p o r p h y r i t i c i n n a t u r e h a v i n g p h e n o -
c r y s t s of q[uartz and f e l d s p a r which r a n g e i n s i z e from 
1 mm t o 5 mm i n d i a m e t e r . The p h e n o c r y s t s of q u a r t z and 
f e l d s p a r o c c u r i n a medium g r a i n e d m a t r i x which i s composed 
of s m a l l g r a i n s of q u a r t z and p i n k f e l d s p a r . The q u a r t z 
g r a i n s a r e smoky o r b l u i s h g r e y i n c o l o u r and p a t c h e s of 
b l a c k and d a r k g r e e n m a t e r i a l i s common i n t h e m a t r i x . 
2.3 PITEPaNI BASIC VOLCaNICS 
The Pitepani basic volcanics are well exposed 
around Pitepani (21° 10'i 80° 35') and unccnformably 
overlie the Bijli rhyolitos. They show many xenoliths of 
Bijli rhyolito which range in size from 4" to 12" in 
21 r-
diamcter and are well exposed 1 ]<m north of Fatehgunj 
(21° 6 ' : 80° 3 5 ' ) . 
rhosG volcanics arc broadly a l ike in t h e i r u^car,.^ 
scopic characters and cons is t of predominantly mas.iive 
and compoct v a r i e t i e s , 5omct3.mes they show p o r p h / r i t i c 
na tu re . They are generally dull green "to black in 
colour and at places brownish grey colour has also been 
not iced. The colour and grain s ize of the basic 
volcanics var ies in d i f fe ren t flows. The basal and 
cent ra l par t of the flow i s general ly f ine to medium 
grained and occassionally they grade towards top in to 
ves icu la r v a r i e t i e s . In the porphyr i t ic var ie ty the 
phenocryst content var ies in d i f ferent flows. The 
phenocrysts are mostly of plagioclaso l a ths of dark 
grjen colour. At places i t i s highly porphyr i t ic and 
contains more then 50% of plagioclase phenocrysts 
(avg. s ize 1,5 cm,) in dull green aphanetic groundmass. 
In these flows, flow banding i s also c lear ly seen 
in some l o c a l i t i e s / which are character ised by the 
difference in colour. The trend of fo l i a t ion i s NNE-SSW 
with steep dips towards west and occa;i^sionally towards 
e a s t . They are t raversed by well-spaced ve r t i c a l to 
subhorizontal j o i n t s . The ves ic les (average s ize 1 cm) 
are predominantly angulor to subangular in shape. They 
are mostly f i l l e d with secondary minerals l i ke c a l c i t c , 
quartz and chalcedony. 
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Bas:^.ltlc lava flows have been c l a s s i f i ed as 
Pahoehoe, Aa-Aa and block lava depending on corc^iri 
d i s t i n c t i v e cha roc t c r i s t i c s which hove been studi>..d 
mainly in flows produced by Hawaiian type of volc^'nisin 
(Mccdonald, 1953, 1967), Some features such as srK>-th 
billowing or r o l l i n g and gently undulating surfaces 
typical to pahoehoe type lavas (Macdonald/ 1967) are 
not noticed in these basic volcanics . Other typical 
cha rac t e r i s t i c s of Pahoehoe lavas such as ropy, drapped 
or festooned surfaces, bulbous toes e t c . / are also not 
noticed in i t . In the absence of these c h a r a c t e r i s t i c 
features of Pihoehoe lava and the presence of cl inkery 
top and i r r egu la r to subangular vesicij*!> typical of 
Aa-Aa lava (Macdonald 1967) in these volcanics , the 
Pitepani basic volcanics may be grouped as Aa~Aa type of 
flows. 
2.4 DONGARGARH GR^ -iNITE 
The Dongargarh granite is well exposed near Hardoli 
( 21° 13': 80° 24'), Pawaddaona (21° 14': 80° 23') and 
Sakritola (21° 16': 80° 25'). Almost all the hillocks 
in the northwestern part of the studied area are made up 
of this granite which is mainly composed of quartz, 
feldspar and small amount of mafic minerals, Texturally, 
it is coarse grained, the grain size ranging from 5 mm to 
7 mm, Dongargarh granite docs not show much variation in 
27 
tnc to-j:tural features and mineralogical composition. Its 
concact v/ith the country rock is not clearly visible at 
htany places due to thick alluvium. However, good 
exposures were observed at some places where it shows 
shrrp coiitoct \/ith Bijli rhyolites and Pitepani basic 
volcanics. It is well jointed and fractured and at 
places carries inclusions of Bijli rhyolite and can 
be clearly seen one furlong w^st of the railway crossing/ 
2 miles south of ^imgaon. Numerous xcnoliths of basic 
volcanics of various dimensions (2 to 6 meters in 
diameter) are also seen in most of the exposures. 
2.5 BORTALAO SANDbTONES 
Bortalao sandstones consist of basal conglomerate, 
grey quartzite, and feldspathic gritty quartzite. The 
basal conglomerate is polymictic in nature consisting of 
qu.irtz and granite pebbles ranging in size from 1 to 20 
cms in silica matrix. It is compact and grey in colour. 
The grey quartzite overlies conformably on the basal 
conglomerate and is exrjoscd in the low lying areas near 
Sirpur colony (21° 3*: 80° 27'). It is hard and compact 
with smoky grey colour and is composed of fine to medium 
grained quartz. 
The feldspathic gritty quartzite unconformably 
overlies the grey quartzite and overlaps the Bijli 
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rhyolite and granite. It is well cxposGd in the nala 
cuttings and the low lying areas around Chichowada 
(21° 3': 80° 20'') about 3 km southv/cst of Doori. It is 
pink as v/oll as groy in colour, poorly sorted, the grcin 
size varies from 1 mm to 10 mm and is composed of angular 
to subangular quartz and pink feldspar* 
2,6 SITAGOTA BASIC VOLCANICS 
The Sitagota basic volcanics are well exposed 
around Sitagota (21° 10': 80° 30'), Masalkasa (21° 3': 
80° 19'), Pandripat hills (21° 4's 80° 19'), near 
Chabuknala (21° 5'j 80° 30'), east of Duggipar (21° 4': 
80° 10') and near Chichgarh (20° 53': 80° 22'). At 
places the volcanics show cvidencG of overlap and 
overlie disconformably on the Bortalao sandstones, 
Dongargarh granite and the Bijli rhyolite, Sitagota 
basic volcanics arc mostly porphyritic in nature and may 
be grouped into (l) highly porphyritic (2) moderately 
porphyritic and (3) sparsely porphyritic groups. Some 
of the flows are characterised by having vesicles of 
varying degrees. The vesicles (<! cm) are mostly 
subangular in shape and are filled in by secondary 
minerals like calcite, silica and zeolite etc. Empty 
vesicles are also present. Near Sitagota, Pandripat 
and Chabuknala these volcanics are broadly similar in 
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their mogciscopic characters. It is compact/ mGdiuxn to 
fine grainod and light to dark grey in colour. While, 
near Duggipar it is vary fine grained and compact, 
light greenish in colour/ shows crude schistosity and 
have NNW-SSE trend. The primary linear and swirling 
flow layers which are well developed in it can be 
observed at many places. On thie other hand near 
Chichgarh it is highly porphyritic in nature and gives 
blotchy appearance. The plagioclase,phenocrysts which 
arc of tabular in shape are dark green to greyish green 
colour (0,5 to 2 cm in length) and are embedded in fine 
grained black aphanetic groundmass. Near Chabuknala, a 
band of basaltic agglomerate is also seen. It is about 
1 km in length and 20 meters in width having angular 
fragments of rhyolitc and granites which range in size 
from 0.5 to 6" inches. 
The basal and central part of Sitagota basic 
voicanics arc compact in nature and at places have 
e 
graded upwards into highly vesicular vari\^ies which 
often show elongation due to flowage. The typical 
characteristics of either Aa-A-a or Pahoehoe type of 
lava are not noticed in these basic voicanics which 
might have been obliterated in later periods. 
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2.7 KARUTOLA S/iNDSTONES 
K a r u t o l a s a n d s t o n e s o v o r l i c d i s c o n f o r m a b l y on t h o 
S i t a g o t a b a s i c v o l c a n i c s and a r e \ t y p i c a l l y d e v e l o p e d i n 
t h e h i l l r a n g e w e s t of K a m t o l a v i l l a g e (21° 8 ' : 80° 3 2 ' ) 
Th i s f o r m a t i o n c o n s i s t s of f i n e t o c o a r s e g r a i n e d / w e l l 
bedded / f e r r u g e n ^ o u s o r t h o q i i a r t z i t e w i t h g r a i n s shov/ing 
h i g h d e g r e e of r o u n d n e s s . C ros s b e d d i n g and g r a d e d 
b e d d i n g a r c qui te- common. The m a t r i x of t h i s s a n d s t o n e 
i s o f t e n s i l i c i f i e d and a t some p l a c e s qT.xartz g r a i n s 
a r c t i g h t l y p a c k e d a l m o s t w i t h o u t any c e m e n t i n g m a t e r i a l . 
The s e d i m e n t s of K a r u t o l e s a n d s t o n e s a r e more m a t u r e 
t h a n tho B o r t a l a o s a n d s t o n e s . 
2.8 MANGIKHUTA BASIC VOLCANICS 
The Mnngikhuta b r s i c volcanics which over l ie the 
Karutola sandstones, are exposed in the western p a r t of 
Ma..ji"khuta vi l logo (21° 10's 80° 3 2 ' ) . The formation i s 
massive/ dark green to blockish green in colour and 
generally non-vesicular in na ture , At places ves ic les 
are present in i t v/hich are i r r e g u l a r in shape and vary 
in s ize from 1 cm to 2 cm and are f i l l e d with chalcedony 
and c a l c i t c . I t includes both porphyr i t i c and non-
porphyr i t ic v a r i e t i e s , the non-porphyri t i c va r i e ty being 
predominant. The Mangikhuta basic volcanics have less 
vesic>!fles/ phenocrysts and areal extent than the Pitepani 
and Si tagota basic volcanics . 
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2.9 QUARTZ VEINS 
Q u a r t s v e i n s e r e common which a r e m o s t l y of mi lky 
whj t o i n c o l o u r and r a n g e i n w i d t h from few moto r s t o 
bo inotGrs and v a r y i n l e n g t h from a few m e t e r s t o 3 kms. 
Being r e s i s t a n t t o w e a t h e r i n g t h e y foim n a r r o w r i d g e s and 
s t a n d o u t i n r e l l G f proTninaxi t ly . 'IJhe v e i n s a r e f r a c t u r e d 
a t p ) l a c e s . I n g e n e r a l t h e q u a r t z v e i n s show d i f f e r e n t 
t r e n d s (NNW, n o r t h s o u t h and NNE) of which t h e NNW t r e n d 
i s p r e d o m i n a n t . 
2 .10 DYKES 
There a r e number of d o l e r i t e dykes which t r a v e r s e 
t h e a r e a . There i s no marked v a r i a t i o n e i t h e r i n t h e 
g r ^ i n s i z e o r i n t h e t e x t u r e . S p h e r o i d a l w e a t h e r i n g i s 
common i n t h e s e d y k e s . The dykes o b s e r v e d i n t h e a r e a 
i n t r u d e t h e B i j l i r h y o l i t e s and B o r t a l a o s a n d s t o n e s and 
a r e y o u n g e r t o t h o s e f o r m a t i o n s . They v a r y i n w i d t h from 
few m e t e r s t o a b o u t 20 m e t e r s and e x t e n d i n l e n g t h u p t o 
J . 5 kms. The t r e n d s of t h e s e dykes a r e e a s t - w e s t , 
n o r t h e a s t and WNW of which t h e f o r m e r t r e n d i s p r e d o m i -
n a n t . 
S2 
CHAPTER I I I 
PETROGRAPIiY 
The p e t r o g r a p h y of t h e v a r i o u s r o c k s c o n s t i t u t i n g 
t h e a r e a u n d e r s t u d y i s d e t a i l e d belov/ : 
3.1 3IJLI RHYOLITES 
In hand specimens the rhyol i to i s porphyr i t ic 
with various shades of grey, l i g h t green and brov/n 
colours . Microscopic s tudies revealed i t to be 
e s s e n t i a l l y composed of quartz, or thoclase and a l b i t e 
phenocrysts which are embedded in a microcrys ta l l ine 
groundmass of quartz and potash fe ldspar , Sphene, 
apa t i t e , zircon and iron ore occur as accessories while 
secondary ch lo r i t e and c a l c i t e are observed occa^sionally 
in ''linor amounts. 
The phenocrysts of quartz are about 5 mm. in s ize 
and are rounded, oval and i r r e g u l a r in shape. Some of 
taom show embayed margins. Occa^sionally i t shov/s 
undulose ex t inc t ion . Granulation or c.-ushing effects are 
not not iced. In som.e sect ions quartz phenocrysts are 
rimmed by mottled quartz, v/hich shows op t ica l cont inui ty 
with the former. Feldspar phenocrysts are also about 
5 mm in s ize , subhedral to anhedral in shape and usual ly 
show marginal corrosion and p a r t i a l s e r i c i t i z a t i o n 
(p l . l a ) , K-foldspar i s more predominant than p lag io-
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clasG and mainly consis ts of p e r t h i t i c orthoclase which 
often shows carlsbad twinning v/ith 2V ranging from 71 -
76 . The plagioclase feldspar i s a l b i t e va r i e ty (Ab-, „„•' 
Abp^) showing a l b i t e and carlsbad twinning and rare ly 
p e r i c l i n e twinning. 
Flakes of dark green b i o t i t c are found and some-
times i t i s associated vrith green coloured c h l o r i t e . 
B io t i t e and ch lo r i t e form s t reaks , bands and patches 
or iented p a r a l l e l to the flov? l a y e r s . There are thin 
wavy or planar layers and bands consis t ing of a coarse 
aggregate of anhedral quartz with small amount of s e r i c i t c 
and c h l o r i t e , I43st of these layers appear to be drawn 
out gas c a v i t i e s , l a t e r on f i l l e d up by quar tz . 
The matrix of rhyol i t es usual ly consis ts of micro-
cry^ ' tal l ine granular aggregate of quart-z and K_feldspar, 
In some cases almost c ryp tocrys ta l l ine matrix has been 
noticed, but glass i s absent . In some of the samples 
f e l i y or p i l o t a x i t i c aggregates of feldspar microl i tes 
and l a th s mainly of or thoclase (0«05 to 0,5 mm) occur 
in f ine-grained matrix with patchy chxlorite, s e r i c i t e , 
z o i s i t e and dusty iron o re s . Occasionally t r achy t i c 
texture (PI. lb) with sub p a r a l l e l arrangements of or tho-
clase microl i tes in highly a l t e r ed matrix i s observed. 
In some of the samples tuff wit!-i quartz phenocrysts 
(Pl, Ic) and ignimbrites with angular r h y o l i t i c fragments 
arc seen (Pl , 2a), 
PLATE - 1 
(a) Marg ina l c o r r o s i o n and p a r t i a l s e r a c i t i -
s a t i o n of f e l d s p a r i n t h e B i j l i r h y o l i t e s . 
C rocsed n i c o l s (X90) . 
(b) B i j l i r h y o l i t e showinq t r a c h y t l c t e x t i ^ r e 
w i t h p a r a l l e l t o s u b - p a r a l l e l a l ign inenb of 
o r t h o c l a s e m i c r o l i t e s . C r o s s e d n i c o l s (X90) 
(c) Tuff ( in B i j l i r h y o l i t e s ) shov/ing q u a r t z 
p h e n o c r y s t s . C r o s s e d n i c o l s (X90) . 
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3 .? PORPHYRITIC FilCROGRANITE 
P o r p h y r i t i c m i c r o g r a n i t e i s compact and d a r k 
r e d d i s h t o b rovmish i n c o l o u r . I t c o n t a i n s p h e n o c r y s t s 
of f e l d s p a r and q u a r t z which r c n q c i n s i z e from 1 mm t o 
5 mm i n d i a m e t e r i n a f i n e t o medium g r a i n e d c r y s t a l l i n e 
groundmass of f e l d s p a r and q u a r t z . 
In t h i n s e c t i o n s i t c o n s i s t s m a i n l y of q u a r t z , 
o r t h o c l a s e , m i c r o c l i n e , a l b i t e , b i o t i t e , c h l o r i t e and 
h o r n b l e n d e . A p a t i t e / z i r c o n and i r o n o r e s a r e found as 
a c c e s s o r i e s . Modal c o m p o s i t i o n of p o r p h y r i t i c microgra^ i i t e 
i s g i v e n i n t a b l e 9A . Q u a r t z shows i n t e r g r o w t h w i t h 
a l k a l i f e l d s p a r g i v i n g r i s e t o t h e c h a r a c t e r i s t i c 
g r a n o p h y r i c t e x t u r e ( P l . 2b) which shows v a r i o u s 
s t r u c t u r a l p a t b e m s i n a l m o s t a l l t h e s a m p l e s . E l o n g a t e d 
b l e b s and v e r m i c u l e s of q u a r t z r ep l ac lNg . p l a g i o c l n s e 
f e l d s p a r from t h e marg in p r o d u c i n g m y r m e k i t i c t e x t u r e h a s 
a l s o been n o t i c e d ( P l . 2 c ) , 
Q u a r t z ( a v e r a g e 27%) o c c u r s a s s u b h e d r a l g r a i n s 
w i t h i r r e g u l a r b o a n d a r i o s a s w e l l a s a g g r e g a t e s of a n -
h e d r a l g r a n u l e s . Some of t h e q u a r t z g r a i n s show u n d u l a -
t o r y e x t i n c t i o n . The i n t o r g r a n u l a r s p a c e i n be tween 
c[u.artz c l u s t e r s o f t e n c o n t a i n s d a r k r e d d i s h brown t o 
b l a c k c o l o u r e d i r o n o x i d e s g i v i n g i t a d u s t y a p p e a r a n c e . 
The K - f e l d s p a r ( a v g , 5 2%) which i n c l u d e s o r t h o -
c l a s e and m i c r o c l i n e d o m i n a t e s o v e r t h e p l a g i o c l a s e 
PLATE - 2 
(a) Icjnimtarite ( i n B i j l i r h y o l i t e s ) sliowinq 
riiyc->li t e f ray-iien t s . Cross'~>d n i c o l E (X90) 
(b) G r a n o p h y r i c t e x t u r e i n p o r p h y r i t i c rnicro-
g r a n i t G , C r o s s e d n i c o l s (X90) . 
(c) Myremek i t i c t e x t u r e i n por7:ihyr_i t i c n i c r o -
g r a n i t e . C r o s s e d n i c o l s (X200) .. 
PLATE.2 SG 
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b 
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f e l d s o e r . I t i s t r o s t l y t u r b i d due t o K a o l i n i s a t i o n . 
The p l a g i o c l a s e f e l d s p a r ( a v g , 8%) i s of a l b i t e 
v a r i e t y which i s s e r i c i t i s e d and c l o u d e d . I t shows 
m a i n l y a l b i t e t w i n n i n g "^nd l e s s commonly c a r l s b a d 
t w i n n i n g . Due t o a l t e r a t i o n t h e t v / i n n i n g i s n o t c l e a r * 
B i o t i t o and h o r n b l e n d e a r e u s u a l l y b l e a c h e d and c h l o r i t i s e d 
and a r e most commonly a s s o c i a t e d w i t h r e l e a s e d m a g n e t i t e 
g r a i n s , 
3 .3 DO f^GaRGARH GR/iNITE 
The Dongargarh g r a n i t e i s p i n k t o g r e y i n c o l o u r . 
Thin s e c t i o n s t u d i e s r e v e a l e d i t t o b e c o n s i s t i n g of 
q u a r t z , m i c r o c l i n c / o r t h o c l a s e , p l a g i o c l a s e / b i o t i t e , 
h o r n b l e n d e and c h l o r i t e i n d e c r e a s i n g o r d e r and shows 
h y p i d i m o r p h i c g r a n u l a r t e x t u r e . A p a t i t e and z i r c o n o c c u r 
as a c c e s s o r i e s . The modal compos ib ion of v a r i o u s m i n e r a l s 
c o n s t i t u t i n g t h e Dongargarh g r a n i t e i s g i v e n i n T a b l e H A i 
Quartz, ( a v g , 38%) o c c u r s a s sub' i d r a l t o a n h e d r a l 
g r a i n s . I t o c c u r s as i n d i v i d u a l g r a i n s as w e l l as 
i n c l u s i o n s wj t h i n t h e f e l d s p a r , O c c a s s x o n a l l y i t shov7s 
g r a n u l a t i o n and u n d u l o s e e x t i n c t i o n . 
The p o t a s h f e l d s p a r (avg.33%) i n c l u d e s m i c r o c l i n e / 
o r t h o c l a s e and p c r t h i t o of which m i c r o c l i n e i s p r e d o m i n a n t 
ov'ejr t h e o t h e r two , M i c r o c l i n e p r e d o m i n a n t l y o c c u r s a s 
m i c r o c l i n e - n i J . c r o p c r t h i t o ( P l , 3a) . P e r t h i t e o c c u r s i n 
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the form of s t r inges , veins , anc' patches . I t freqiaently 
encloses small grains of quartz, p lagioclase l a ths (Pl.3b) 
end also occajrsionally small pcr-thite patches (Pl. 3c) . 
Sometimes pc r th i t e shows twinning (Pl . 4a) , The presence 
ot a n t i - p e r t h i t c i s also a freguent phenomena in t h i s 
grani te (Pl . 4b). The K-feldspars are p a r t i a l l y kao l in i -
sed and s e r i c i t i s e d . 
The plagioclase feldspar (avg. 24%) which i s 
mostly of a lb i t e and ol igoclase va r i e ty with 2V varying 
from 78 to 83 , occurs as large phenocrysts or l a ths of 
various dimensions, Plagioclase usual ly shows a l b i t e 
and carlsbad tv/inning, but discontinuous a l b i t e -^winning 
and bending (Pl , 4c) and a type of twinning with the twin 
lamellae occurring a t r i g h t angles to each other simulating 
microcline are also occassional ly observed. 
Some of the p lagioclase grains also shovi broken and 
faul ted nature (Pl, 5a,b) . The presence of discontinuous 
and bent twin lamellae m plagioclase ind ica tes s t r e s s 
conditions during i t s c r y s t a l l i s a t i o n , whereas, the 
presence of broken and faul ted plagioclase l a ths ind ica tes 
a pos t - t ec ton ic a c t i v i t y . 
B io t i t e and hornblende occur as l a t h s , l i n e a r 
shrcads, i r r egu la r c lu s t e r s and are mostly associated 
with released iron o r e s . B io t i t e i s brown in colour 
and strongly pleochroic and som.etimes shov/ bleaching 
PLATE - 3 
[i ) f l i - c roc l ine r i l c r o p e r t h i t e i n Donga rga rh g r a n i t e . 
C r o s s e d n i c o l s (X90)• 
(b) Dongargarh g r a n i t e showing p l a g i o c l a s e l a t h 
i n p e r t h i t e . C r o s s e d n i d o l s (X90)« 
(c) Dongargarh g r a n i t e showing p e r t h i t e w i t h i n 
p e r t h i t e . C r o s s e d n i c o l s (X90) . 
PLATE.3 3n 
a 
PLATE - 4 
(a) P e r t h ! t e i n Donga rga rh g r a n i be sho\i±ng 
Carls toand tw inn . ing . C r o s s e d n i c o l s (X90) 
(b) An t i p e r f l i t e i n Dongargarh g r a n i t e . C r o s s e d 
n i c o l s (X90) . 
(c) P l a g i o c l a s e i n Dongargarh g r a n i t e showing 
d i s c o n t i n u o u s and b e n t a l b i t e l a m e l l a e . 
C r o s s e d n i c o l s (X90) . 
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PLATE.4 
a 
PL/iTE 
(c.) ijroken p l a y i o c l a s e l a t h i n Dongargarh 
g r a n i t e . C r o s s e d n i c o l s (X90) . 
(b) P l a g i o c l a c e l a t h shovring f a u l t i n g l i k e 
d i s l o c a t i o n i n Donga rga rh g r a n i t e . 
C r o s s e d n i c o l s (X90) , 
(c) O p h i t i c t o s u b - o p h i t i c t e x t u r e i n P i t e p a n i 
b a s i c v o l c a n i c s . C r o s s e d n i c o l s (X90) . 
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effects and alteration to chlorite. Hornblende is 
•usually dark green in colour and pleochroic and 
generally shows alteration to chlorite. Apatite is 
found in needle forms as well as stumpy subhodral 
crystals, Zircon is associated with biotite clusters 
in which it is often present ag inclusions. 
3.4 PITEPANI B/\SIC VOLC/iNIGS 
The Pitopani volcanics arc pale green to brownish 
grey in colour. They consist of botli porphyritic and 
non~porphyritic varieties with euhedral and subhedral 
phenocrysts of plagioclase laths in pale green aphanitic 
groundmass. Some specimens have vesicles which are 
filled with calcite and quartz. Under the microscope, 
these volcanics show ophitic to sub-ophitic texture 
(Pl. 5c)/ porphyritic and occassionally quench plagio-
clase textures (Pl, 6a)* They are essentially made up 
of plagioclase, clinopyroxene and minor iron ores v;ith or 
without interstitial glass. The phenocrysts of plagio-
clase and pyroxene are embedded in a fine groundmass 
which is composed of plagioclase, pyroxene, chlorite, 
sericite, calcite, epidote and iron ores. The mineral 
assemblage suggests that these volcanics have suffered 
grccnschist facies mctamorphism. 
4,'^  
£]l>iii9.££ZP«^l Plogiocir.se phcnocrysts which are of 
and^sinc and labrador i te var ie ty occur in a l l the 
saraplos. Thei?" are usual ly subhedral to e\ihedral in -bape 
and are comrnonly twinned on a l b i t e and carlsbad laws. 
The plagioclase phenocrysts arc saussur i t i sed and have 
given r i s e to aggregates of c h l o r i t e , epidote and c a l c i t e . 
Inclus ions of i ron ores and pyroxene grains are observed 
in i t . Clinopyroxene phenocrysts which are mostly of 
augito occur in a l l the samples and exhib i t ophi t ic to 
sub-ophit ic t ex tu re . They are subhedral to anhedral in 
form and mostly exhib i t uniform ext inc t ion , but some of 
them show undulose ext inct ion a l s o . They arc pa r t l y 
a l t e r ed to colourless amphibole and c h l o r i t e . Generally 
the a l t e r a t i o n has s t a r t e d from the margin to the i n t e r i o r 
of the grain (Pl . 6b) . Occassionally i ron ores and glass 
occur as inc lus ions . 
Groundmass: The groundmass of the basic volcanics i s 
e s s e n t i a l l y composed of p lagioclase micro l i t es , pyroxene 
gra ins , iron ores and show h y a l o p i l i t i c t ex tu re . 
Plagioclase microl i tes are saussur i t i sed and s e r i c i t i s e d 
and have given r i s e to chlori te^ epidote and ca lc i t e* 
Pyroxene (augite) occurs as granular aggregates 
and occupies mostly the i n t e r s t i t i a l space between the 
plagioclase l a t h s . Inclusions of opaque oxides arc also 
observed in i t . In some of the samples g lass i s 
PLaTE - 6 
(a) Plar j ioclasc shov/ing quench t e x t u r e in 
P i t e p a n i b a s i c v o l c a n i c s . Crossed n i c o l s 
(X90). 
(b) i iug i te showing a l t e r a t i o n to c h l o r i t e a t 
the margins i n P i t e p a n i b a s i c v o l c a n i c s . 
Crossed n i c o l s (X90). 
(c) Augite phenocrys t s shov/ing p o r p h y r i t i c 
t e x t u r e i n S i t a g o t a b a s i c v o l c a n i c s . 
Crossed n i c o l s (X90). 
a 
PLATE.6 ^^ 
• - •A-
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present and occurs as infillings in the interstices .-)£ 
the grain constituents of the groundmass. 
3^ 5 SITAGOJA BA^ SIG VOLCANICS 
Sitagota basic volcanics are mostly fine to 
medium grained^ and dark grey to greenish grey in colour. 
They are porphyritic in nature and at places donsist • of 
large tabular plagioclase phenocrysts in dense aphanitic 
groundmass. In some samples vesicles have been noticed 
which are filled up by silica and calcite. 
Under the microscope they commonly show porphyri-
tic texture (Pl« 6G)» though ophitic to sub-ophitic 
texture has also been observed (Pl, 7a), They are 
essentially made up of plagioclase^ clinopyroxone, and 
minor iron ores in a groundmass of plagioclase, pyroxene,, 
epidote» chlorite and iron oxides. The relative percen-
tage of the phenocrysts varies in different sanplos of 
the volcanic rocks. The mineral assemblage suggest that 
these volcanics have suffered greenschist facies 
me tamo rphi sm « 
Phenocrysts; Plagioclase phenocrysts which are mostly 
of andesine and labradorite variety* occur in all the 
samples. The laths are subhedral to euhedral of various 
size. Laths as big as 2 cm, in length have also been 
observed. They are commonly twinned on albite lav; and 
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occcssionally on carlsbad law. Sometimes thoy show 
ponotration twinning also (Pl. 7b). Plagioclaso is 
generally altered giving rise to an aggregate of 
chlorite and. epidote v/hich sometimes show schistosity 
(Pl, 7c), Opaques and pyroxene occassionally occur o.-
inclusions in it. Sometimes plagioclaso phcnocrysts 
contain groundmass material (chlorite) giving a sort 
of pseudozoning (Pl, 8a). 
Clinopyroxene phenocrysts which are mostly of 
augitc occur almost in all the samples. They are 
commonly subhedral to anhedral in form and sometimes 
exhibit ophitic to sub-ophitic texture in relation to 
plagioclaso. Inclusions of iron oxides and glass arc 
common in it. Olivine occurs rarely and is mostly 
altered to antigorite, 
Groundmass: Appreciable variation in the composition of 
the groundmass is noticed and it is essentially composed 
of plagioclaso/ pyroxene and iron oxides and show 
hyalopilitic texture (Pl. 8b), Most of the plagioclase 
laths and pyroxene grains show alteration and have given 
rise to chlorite, epidote and calcito. The plagioclase 
microlites/ which are mostly andesine and labradoritc in 
composition occur as small laths and occassionally exliibit 
linear development. The pyroxene occurs as granular 
aggregate and occupies interstitial spaces of the 
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p l a g i o c l a s G l a t h s . 1 1 i s mofetly a l t e r e d / c o l o u i l e s G tu 
d a r k brown in- c o l o u r and e x h i b i t s p a t c h y o r wavy 
e x t i n c t i o n . I n c l u s i o n s of i r o n o x i d e s a r e a l s o obser\7-ecl 
i n i t . Mngnct i tG/ which c o n s t i t u n a s t h e most comi on of 
t h e opaque o x i d e S / o c c u r s as s m a l l g r a i n s of d l f f c r c j i t 
s i z e s i n d i f f e r e n t s amples of t h e s e b a s i c v o l c a n i c s . 
3 .6 r4ANGIKHUTi\ BASIC VOLCaNICS 
M c g a s c o p i c a l l y Mangikhuta b a s i c v o l c a n i c s a r c 
b r o a d l y s i m i l a r i n a p p e a r a n c e . They a r e d a r k g r e e n t o 
b l a c k i s h g r een i n c o l o u r and i n c l u d e b o t h p o r p h y r i t i c 
and n o n - p o r p h y r i t i c v a r i e t i e s , t h e l a t e r v a r i e t y b e i n g 
p r e d o m i n a i t . A t p l a c e s i t i s v e s i c u l a r and t h e v e s i c l e s 
a r c f i l l e d up w i t h c h a l c e d o n y and c a l c i t e . 
Under m i c r o s c o p e i t commonly shows h y a l o p i l i t i c 
t e x t u r e ( F l . 8c) and somet imes p o r p h y r i t i c . I t i s 
e s s e n t i a l l y made up of p l a g i o c l a s e and p y r o x e n e w i t h 
s e c o n d a r y e p i d o t e , c h l o r i t e / c a l c i t e and d e v i t r i f i e d 
brown g l a s s . The m i n e r a l a s s e m b l a g e s u g g e s t s t h a t t h e s e 
v o l c a n i c s have s u f f e r e d g r e e n s c h i s t f a c i e s metamorphism, 
P h e n o c r y s t s ; The p h c n o c r y s t s i n t h e Mangikhuta v o l c a n i c s 
m a i n l y c o n s i s t s of p l a g i o c l a s e and p y r o x e n e of d i f f e r e n t 
s i z e s ( a v e r a g e 0 , 5 c m s ) , P l a g i o c l a s e p h e n o c r y s t s which 
a r e m o s t l y of o l i g o c l a s e and a n d e s i n e v a r i e t y o c c u r i n 
PIu^TE - 7 
(^/ u p n i t i c to s u b - o p h i t i c t c x c u r e i n S i t a g o t a 
b a s i c v o l c a n i c s . C r o s s e d n i c o l s (X90) . 
(b) P l a y i o c l a s e l a t h s shov/ing p e n e t r a t i o n t w i n n i n g 
i n S i t a g o t a b a s i c v o l c a n i c s . C r o s s e d n i c o l s 
(X90) . 
(c) C h l o r i t e end e p i d o t e showing s c h i s t o s i t y i n 
S i t e g o t a b a s i c v o l c a n i c s . C r o s s e d n i c o l s 
(X90) . 
a 
PLATE? 48 
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(a) Groundmass in P l a g i o c l a s e l a t h s shov/ing 
pseudo-zoning in S i t a g o t a b a s i c v o l c a n i c s . 
Grossed n i c o l s (X90), 
(b) H y a l o p e l i t i c t e x t u r e d i sp layed by p l a g i o c l a s e 
m i c r o l i t e s in S i t a g o t a b a s i c v o l c a n i c s . 
Crossed n i c o l s (X90). 
(c) P l a g i o c l a s e i n i c r c l i t e s showing h y a l o p e l i t i c 
t e x t u r e in kangikhuta b a s i c v o l c a n i c s . 
Crossed n i c o l s (X90). 
a 
PLATE.8 49 
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a l l the samplv^s, GcriGrr-«lly they are subhedral to cuhodrai, 
They ore commonly twinned on a l b i t e and carlsbad lows 
and are saussur i t i scd giving r i s e to aggregates of 
cn lo r i t e and epidote. Pyroxene phenocrysts v/hich are 
mostly of augite are subordinate to plagioclase pheno-
crys ts and arc mostly a l t e red to c h l o r i t e . 
Groundmassi The groundmass of the Mangikhuta volcanics 
i s made up of plagioclase mic ro l i t c s , pyroxene^ quartz 
and d e v i t r i f l e d brov/n g l a s s . The p lagioclase microl i tcs 
are a l t e r ed to epidotC/ ch lo r i t e and c a l c i t e . Pyroxene 
i s found to have been p a r t l y a l t e r ed to c h l o r i t e . Quartz 
occurs as small granular aggregates and generally 
occupies i n t e r s t i t i a l spaces between plagioclase micro--
l i t e s and pyroxene g r a in s . L i t t l e amount of iron oxide 
which i s mostly magnetite occurs as dusty inclusions in 
pyroxene g ra in s . Dark brown glass i s present in a l l the 
samples and occurs mostly as i n f i l l i n g s in the i n t e r -
s t i c e s of the cons t i tuent minerals of the rock. 
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ChLM T^ER IV 
GEOCHEMISTRY 
Tv7o hundred r o c k samples wcro c o l l e c t e d f ro" 
t h e s t u d i e d "irc? and a fev? from t h e a d j a c e n t i r c n fi r 
p e t r o l o g i c o l and g c o c h c m i c a l s t u d i e s . Out of t h e s o / 
s i x t y t h r e e r o p r c s e n t a t i v G samples were a n a l y s e d f o r 
t h e i r major and minor e l e m e n t s . T r a c e e l e m e n t s f o r 
t h i r t y f o u r samples (from t h e above) were a l s o 
d e t e r m i n e d . The c h e m i c a l d a t a p r o s c n t o d a r e f o r 11 
samples of B i j l i r h y o l i t e , 6 somples of p o r p h y r i t i c 
m i c r o g r a n i t O / 4 samples of Dongarga rh g r a n i t e and 42 
sa r rp les of Dongargarh b a s i c v o l c a n i c s (10 of P i t o p a n i , 
24 of S i t a g o t a and 8 of M a n g i k h u t a ) • I n t h i s c h a p t e r 
t h e c h e m i c a l c o r t p o s i t i o n of t h e above m e n t i o n e d r o c k 
t y p e s i s g i v e n and t h e c o m p o s i t i o n a l v a r i a t i o n / 
a l t e r a t i o n and n a t u r e of magma a r e d i s c u s s e d , 
4 . 1 . METHOD OF S;iMPLING i^ ND Si-iMPLE PREP;-iRriTION 
i i f t e r a p r e l i m i n a r y s u r v e y of t h e a r e a u n d e r 
s t u d y , s e v e r a l t r a v e r s e s were t a k e n t o c o l l e c t t h e 
r o c k samples f o r t h e l a b o r a t o r y s t u d i e s , A l a r g e number 
(200) of r e p r e s e n t a t i v e r o c k samples of a b o u t 1 Hg^ from 
d i f f e r e n t r o c k f o r m a t i o n s were c o l l e c t e d by Random 
s a m p l i n g . A f t e r s t u d y i n g t h e t h i n s e c t i o n s of t h e r o c k 
s a m o l e s , l e a s t a l t e r e d and n o n - p o r p h y r i t i c r e p r e s e n t a t i v e 
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samplos WGrc SGlectod for the a n a l y s i s . The samples ve re 
broken i n t o small p i e c e s with hammer and powdered in 
s t -^ in lcss s t e e l pe rcuss ion mor ta r . F i n a l l y they wore 
ground in automat ic g r i n d e r to -230 mesh s i z e from 
which small q u a n t i t i e s of tlic seimples fo r the chcmictil 
a n a l y s i s were taken by coning and q u a r t e r i n g p r o c e d u r e . 
4 .2 JiNaLYTICaL TECHNIQUES 
Major and minor element a n a l y s i s were c a r r i e d ou t 
according to the s l i g h t l y modified procedure of Shapiro 
and Brannock (1962) . To achieve the r e p r o d u c i b i l i t y of 
the a n a l y s e s , r e p l i c a t e ana lyses were c a r r i e d o u t on a 
known Standard ( B C R - 1 ) . The accuracy and the s t andard 
d e v i a t i o n of the r e p l i c a t e a n a l y s i s i s given in Table 5, 
SiO^ was determined by molybdenum b lue method. /-il^O-
was determined by calcium aluminium a l i z a r i n red~S 
complex method. Pe_0- was determined on the orange 
co lour developed with o r t h o p h e n a n t h r o l i n e . TiO„ was 
determined on a yellow co lour produced with Tiron, whi le 
MnO i s determined on t h e p ink co lour of permanganate 
complex developed by ox ida t i on with potass ium p e r i o d a t e . 
P„Oc i s determined by yel low molybdovanadophosphoric 
(Vanadomolybdate) ac id complex. Al l t h e above mentioned 
ox ides were determined a t d i f f e r e n t wave l eng ths on a 
UV-Spcctrophotomcter (Hungarian Model: Spcctromom 202) . 
Ca^ and MgO were determined by t i t r a t i o n with disodium 
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othylonG-diamine t e t r a - a c o t a t G (EDTA), whi le Na 0 and 
K 0 v7Grc clGtcrmincd on a Car l -Zo i s s Flame PhotomGtcr, 
FcO was dctGrrnincd by t i t r a t i o n witli a s t andard 
d ichr jmatc s o l u t i o n us ing diphcnylamino s u l f o n i c "'cid 
as the i i i d l c t o r . Loss on i g n i t i o n of the sample v/as 
detormined by the h e a t i n g of sample powder i n a g l a s s 
tube a t about 800°C, 
The t r a c e element (Ni, Co, Cr, Cu, Rb, Sr, Pb, Zn) 
Gontenl-Bof those sejnplcs were determined by /»tomic 
Absorpt ion Spect rophotometer (Model; Varian i^;i-6 (D) 
from the s o l u t i o n p repa red by d i s s o l v i n g 2,00 gms of 
sanple powder i n 20 ml 111 HNO and making i t to 100 ml 
The r c l e v e n t d e t a i l s of the techniq[ucs, (accurr'cy 
p r e c i s i o n and. lower d e t e c t i o n l i m i t of elements) a re 
summarised in Table 6, 
4 .3 CL.iSSIFIC;iTION OF THE VOLCANICS 
Consider ing the e x i s t i n g a n a l y t i c a l da ta on 
most of the r e p o r t e d v o l c a n i c s (Nockolds, 1954; Manson, 
1968; Coabs, 1968; Engel e t a l . 1965; Middlemost, 1972/ 
1975; Sp i t z and Dar l i ng , 1975) the upper l i m i t of b a s a l t s , 
a n d e s i t e s and d o c i t c s were taken a r b i t a r i l y a t 53.50, 
63.00 anC' 69.00 SiO„ (Wt%) r e s p e c t i v e l y . The a n a l y t i c a l 
da t a of Dongargarh b a s i c v o l c a n i c s i n d i c a t e t h a t they can 
be grouped as b a s a l t s and a n d e s i t e s as the ^iO^ con ten t of 
\ 
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thotoc vo lcnn ics vary from 46,27 t o 56 ,29 . However/ both 
b a s ' ' l t s and andos i t c s were t r e a t e d as a s i n g l e group and 
c a l l e d as P i t epan i / ^ i t a g o t a and Mangikhuta b a s i c 
v c l c a n i c s for conv^jnience and b e t t o r p r e s e n t a t i o n , 
4 .4 BIJLI RHYOLITE 
The B i j l i r h y o l i t e r e p r e s e n t s the ac id v o l c a n i c s 
i n the a rea and shows wide v a r i a t i o n in SiO„, Na 0, MgO, 
FeO, CaO/ K2O and TiO, con ten t s (Table 7 ) . The Si02 
con ten t (Wt %) v a r i e s from 67,43 to 73,74 and has an 
average of 71 ,05 . MgO c o n t e n t v a r i e s from 1,47 to 4 ,63 
with an average of 3 ,12 . CaO con ten t v a r i e s from 0,77 to 
2.05 wi th an average of 1 .23. FeO and K-0 con ten t s vary 
from 1,32 to 3.88 and 3.90 t o 5.50 which average a t 2.4 2 
and 4.90 r e s p e c t i v e l y , TiO„ content , va ry from t r a c e s 
to 0 .52 , with an average of 0 , 16 . A1_0_/ MnO and ^J^'^ 
show l i t t l e v a r i a t i o n i n t h e i r d i s t r i b u t i o n . ^12*^3 
c o n t e n t v a r i e s from 10,74 t o 13.42 v/ith an average of 
11 ,74 . Po^S ^^'^ ^^° con ten t s vary from 0,04 to 0.2 and 
t r a c e s to 0,30 and average a t 0 ,11 and 0.17 r e s p e c t i v e l y . 
The t r a c e e lementa l da t a ( in ppm) show a wide 
v a r i a t i o n fo r most of the e l ement s , Ni and Cr c o n t e n t s 
va ry from 111 to 2 21 and 142 to 344 and have averages of 
175 ppm and 271 ppm r e s p e c t i v e l y . The Cu con ten t v a r i e s 
from 33 t o 198 with an average of 76 ppm, Pb and Zn 
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contents vnry from 15 to 76 and 57 to 89 with/av^r •'jcs or 
46 ppm and 73 ppm respec t ive ly . The Rb and Sr contents 
vary from 117 to 214 and 30 to 52 with averages of 143 
and 39 ppm respec t ive ly . 
The K-O/Na-O r a t i o vories from .1,03 to 3.93 en 
has an average of 2 ,13. The K/Rb r a t i o var ies from 207 
to 351 with an average of 289/ the Rb/Sr r a t i o var ies 
from 2,69 to 4,52 v;ith an average of 3.85 (Table 7/*), 
Based on SiO content c l a s s i f i ca t ion mentioned in 
the preq/eding pages (Chapter 4,3) i t i s found t h a t out 
of 11 studied samples of B i j l i rhyoli tes , 8 samples are 
rhyo l i t es and 3 samples are rhyodaci tes . 
When the analyses of major elements of B i j l i 
rhyol i te are p lo t t ed agains t SiO„, FeO, CaO and MgO 
show decrease^ while Na 0 and MnO show increase with 
increase of s i l i c a content (Fig. 3 ) . But for remaining 
elements no trend i s obsoirved. On K versus Rb diogram 
the analysis of the samples p lo t towards K-onrichment 
side (Fig, 4 ) , In general the samples of B i j l i rhyol i t es 
have high levels of K/- low Rb and high Rb/Sr and K/Na 
r a t i o s when compared to other rhyo l i t es from d i f fe ren t 
regions (Table 8 ) . I t can fur ther be seen from the 
Tabile t ha t B i j l i rhyo l i t e s have got higher MgO, FeO, Ni, 
Co, Cr contents as compared to other rhyo l i t e s , and i t s 
composition i s more or loss s imi lar to greywacke coirtpo-
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s i t i o n s p o c i a i l y i n ^12^)2 and f e r romagncs ium mnjor an( 
t r cGc Glomonts i Whan p l o t t e d on R b / S r V e r s u s Rb 
diagra.m> t h e B i j l i r h y o l i t c s f a l l s e p a r a t e l y and av/ay 
frorn t h e normal i g n e o u s t r e n d (Fig* 5)« The e n r i c h m e n t 
of Wi i n B i j l i r h y o l i t o i s s p e c i a l l y a p p a r e n t when 
p l o t t e d ""gciinst Rb (Pig* 6) • 
B i j l i r h y o l i t e s show wide v a r i a t i o n and n o n -
u n i f o r m i t y i n t h e i r e l e m e n t a l d i s t r i b u t i o n , and t h e 
t r a c e e l e m e n t a l c o m p o s i t i o n i s n o t r e f l e c t e d i n t h e i r 
major e l e m e n t abundances* 
4#5 PORPHYRITIC MICROGRANITE 
The chemica l c o m p o s i t i o n ( w e i g h t p e r c e n t ) of t h e 
p o r p h y r i t i c m i c r o g r a n i t e i s g i v e n i n T a b l e 9 which 
shows t h a t ^xO^t MgO# FcO/ CaO, and TiO„ have wide r a n g e 
i n t h e d i s t r i b u t i o n . The SiO c o n t e n t v -^ r ics from 
6 6 . 9 8 t o 7 1 . 1 1 and h a s an a v e r a g e of 6 9 . 0 7 . MgO c o n t e n t 
r a n g e s from 1,91 t o 3 .83 w i t h an a v e r a g e of 3»13'f* FcO 
and CaO c o n t e n t s v a r y from 2 .56 t o 3 .24 and 1.11 t o 2 ,05 
w i t h a v e r a g e s of 2»84 and 1 .63 r e s p e c t i v e l y , TiO-
c o n t e n t r a n g e s from 0 , 0 8 t o 0 ,79 w i t h an a v e r a g e of 0*45 . 
Na 0/ K„0, i \ l „0 , ^^rt^c. ^"'^ ^ 0 show l i t t l e v a r i a t i o n i n 
t h e i r d i s t r i b u t i o n , Na„0 ond K^O v a r y from 1,89 t o 2»88 
and 4 . 3 0 t o 5 ,55 v / i th a v e r a g e s of 2 .54 and 4 , 9 1 
r e s p e c t i v e l y . i i l „0„ c o n t e n t v a r i e s from 10 ,80 t o 12 ,60 
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with an ivGrigc of 11.57. ^n'^c "^^ ricl Mn^  contents vfry 
from 0,07 to 0.19 and 0.02 to 0.22 with avorigcs of 
0.10 and 0.12 rospect ivoly . 
The t race elemental data (in ppm) for most of tlie 
elements show a wide v-''ri<"ition in t h e i r distx-ibution, Co 
content shows l i t t l e va r i a t ion and ranges from 17 to 19 
ppm and average a t 18 ppm. Ni and Cr contents vary from 
50 to 114 and 50 to 158 with averages of 79 ppm and 99 
ppm respec t ive ly . Cu content ranges from 23 to 183 with 
an average of 93 ppm. Rb and Sr show l i t t l e va r i a t ion 
and r^nge from 140 to 204 and 71 to 105 with averages of 
16 2 ppm and 9 2 ppm respec t ive ly . Pb and Zn also show 
l i t t l e var ia t ion and range from 28 to 53 and 66 to 77 
ppm, 
with •averages of 43 and 7]^respect ive ly . 
The K^O/Na 0 r a t i o var ies from 1.49 to 2.80 and 
have an average of 2.00. The K/Rb r a t i o var ies from 
216 to 261 with an average of 243, Rb/Sr r a t ios vary 
from 1,33 to 2.87 with an average of 1,76 (Table 9/i) . 
By using the HarpumS (1963) c l a s s i f i ca t ion based on 
K„0/Na^O r a t i o for g r a n i t i c rocks, the studied samples 
of porphyr i t ic microgranite arc found to be c a l c - a l k a l i 
g r an i t e s , as they have K^O/Na 0 r a t io > 1.5 (Fig. 7 ) . 
The analysis of major elements i s p lo t t ed 
aga ins t s i l i c a (Fig. 3), and i t can be seen from the 
Figure t h a t FeO, CaO, MgO decrease, Na 0 and MnO 
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increase with increase in s i l i c a content , K^O. A1„0„. 
TiO^ and P^O^ do not show any clo?r cut t rend. On K 
versus Rb binary diagram those sornples p l o t towards 
K-onrichraont side (Fig, 4) . 
The chemical analysis of the porphyr i t ic micro-
grani te i s compared with other s imi lar rocks, and i s given 
in Table 10, I t can bo seen from the Table t ha t the 
microgranite has in general high K, low Rb content and 
low Rb/Sr r a t io and high K/Na r a t i o s as corrpared to 
other rocks. I t can further bo seen t h a t poirphyritic 
microgranite has higher MgO, and FeO contents as 
compared to the s imilar rocks. On Rb/Sr versus Rb 
diagram porphyr i t ic microgranite p lo t s near low Ca-
grani to f i e ld and away from the other igneous f ie lds 
(Fig, 5 ) . The high concentration of Ni i s more 
d i s t i n c t in these samples In the Ni versus Rb diagram 
(Fig, 6) . 
The porphyr i t ic microgranite also shows wide 
var ia t ion and non-uniformity in i t s elemental d i s t r i -
bution and the t race elemental composition i s not 
re f lec ted in i t s major elemental data . 
4 . 6 DONGARGARH GRi-iNITE 
The chGmical a n a l y s i s ( w e i g h t p e r c e n t ) of 
Dongarga rh g r o n i t o i s p r c s o n t e d i n T a b l e 1 1 , which 
shows th" i t most of t h e e l e m e n t s have l i t t l e v a r i a t i o n 
i n t h o i r d i s t r i b u t i o n . SiO„ c o n t e n t v a r i e s from 71 .90 t o 
7 2 . 7 2 w i t h an a v e r a g e of 7 2 . 3 6 . MgO and CaO c o n t e n t s 
v a r y from 2 ,08 t o 3 .10 and 1.14 t o 1 .63 which a v e r a g e 
a t 2 .52 and 1.33 r e s p e c t i v e l y * i^lpO- c o n t e n t r a n g e s 
from 1 1 . 8 2 t o 12,77 w i t h an a v e r a g e of 1 2 . 2 1 , Na 0 and 
K2O c o n t e n t s r a n g e from 3 ,39 t o 3 .64 and 3 .70 t o 4 . 3 0 
w i t h a v e r a g e s of 3 .51 and 3 .98 r e s p e c t i v e l y . FeO r a n g e s 
from 1,74 t o 2 . 2 8 and a v e r a g e s a t 2 . 0 1 . ^'^'^S ^^'^ ^^^ 
r a n g e from t r a c e s t o 0 .04 and 0 . 1 9 t o 0 . 3 2 and a v e r a g e s 
a t 0 .0 3 and 0 .24 r e s p e c t i v e l y . 
The t r a c e e l e m e n t a l d a t a ( i n ppm) show a l a r g e 
v a r i a t i o n . Ni and Cr c o n t e n t s v a r y from 64 t o 118 and 
105 t o 161 and a v e r a g e a t 88 and 131 ppm r e s p e c t i v e l y . 
Co v a r i e s from 13 t o 22 w i t h an a v e r a g e of 17 ppm. 
Rb and S r v a r y from 104 t o 141 and 31 t o 57 w i t h a v e r a g e s 
of 127 and 43 ppm r e s p e c t i v e l y . Cu r a n g e s from 50 t o 165 
and a v e r a g e s a t 84 ppm. Pb and Zn>vary from 15 t o 49 
and 79 t o 102 w i t h a v e r a g e s of 34 and 89 ppm r e s p e c t i v e l y . 
The K^O/Na-O r a t i o v a r i e s from 1.02 t o 1.29 and 
have an a v e r a g e of 1 . 1 6 . The K/Rb r a t i o v a r i e s from 236 
t o 30 3 w i t h an a v e r a g e of 260 . The R b / S r r a t i o v a r i e s 
from 2 .00 t o 4 . 5 5 w i t h an a v e r a g e of 3 .24 (Tab le l l A ) . 
GO 
By using the Harpurn^ (1963) classific'"-tion baser! 
on K_0/N-^  0 r a t io for qmni t e rocks, i t i s found thr t 
the nnalysod saimplos of Dongargarh g ran i te p l o t in 
adamelii tc f i e ld (Fig, 7) as they have K^O/Nr 0 r a t io 
botv/ecn 1 to 1.5. When the major olcinental analysis i s 
p lo t t ed against s i l i c a they almost c l u s t e r a t one place 
because SiO„ shows l i t t l e var ia t ion in these samples 
(Fig. 3 ) . FeO and CaO show decrease while Na^ O and MnO 
increase with increase of s i l ica ,whereas , the remaining 
elements do not show well defined t r ends . On K versus 
Rb binary diagram they p lo t towards K-enrichmont side 
(Fig. 4 ) , 
When the analysis of Dongargarh grani te i s 
compared with s imilar rocks (adamellites) from other 
areas , generally the Dongargarh grani te shows low leve l s 
of K and Rb contents and low Rb/Sr r a t i o s as compared to 
oth^.r rocks (Table 12) , On Rb/Sr versus Rb binary 
diagram, Dongargarh grani te p lo t s near and within the 
low Ca-granite f i e lds (Fig. 5) . I t can fur ther be seen 
from the above Table t ha t i t has high MgO, Ni, Co, Cr, 
and low A1„0„ contents as compared to other adamel l i tes . 
I t shows l i t t l e var ia t ion and uniformity of t h e i r 
elemental d i s t r ibu t ion as compared to t h a t of B i j l i 
rhyo l i t e and porphyr i t ic microgranite (Table 13) , 
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4.7o PITEPaNI BASIC V0LCANIC3 
P i t ^ p a n i b a s i c v o l c a n i c s form t h e o l d e r b.-'sic 
flow of the area and shows a wide v ? r i a t i o n in t h e i r 
coiaposition ( in v/oight porccn t ) fo r i lost of the oler,ie/jLs 
(Table 1 4 ) . S i l i c a c o n t e n t v a r i e s from 47.17 to 53.23 
which averages a t 50*79. MgO and CaO vary from 2,96 to 
8.91 and 8.14 t o 13.33 which average a t 5,18 and 9.34 
r e s p e c t i v e l y , TiO„ shov/s wide range from 0.54 to 1.65 
with an average of 0 . 9 9 , Na 0 and K 0 con ten t s vary 
from 2,01 to 4.02 and t r a c e s to 2.00 wi th averages of 
2.59 and 0,86 r e s p e c t i v e l y . The a l 0 - , FeO, MnO and 
I'Or- con t en t s show l i t t l e v a r i a t i o n i n t h e i r d i s t r i b u t i o n . 
2 D 
In t r a c e elements ( in ppm) Ni and Cr show l i t t l e 
v a r i a t i o n and range from 103 to 141 and 100 to 155 with 
averages of 122 and 124 ppm r e s p e c t i v e l y . Co v a r i e s from 
41 to 67 and averages a t 55 ppm. Rb and Sr show wide 
v a r i a t i o n and range from 15 to 64 and 167 t o 352 and 
have averages of 31 and 276 ppm r e s p e c t i v e l y . 
I ' lo t s of the a n a l y s i s on normat ive Di-01-Hy-Qz-Nc 
diagram i n d i c a t e s t h a t o u t of 10 samples of P i t e p a n i 
b a s i c v o l c a n i c s , 7 a r e qua r t z -no rma t ive and 3 a re o l i v i n e -
normat ivc i n composit ion (F ig . 8) . Normative qxiartz and 
o l i v i n e range from 1.90 to 7.20 (avg. 4 ,56)and 3,58 to 
17.83 (avg. 10.31) r e s p e c t i v e l y (Table 1 4 / 0 . 
GG 
M-'LJor Glcmcnts of Pitepani basic volcanics arc 
plotted against FeO/Mg^ (total iron as FGO) which giv-^ s 
an idea of the fractional crystallisation (Miyashiro 
1974)(Pig, 9). The figure shows that most of the 
elements have considerable scatter along poorly doLinod 
trends. MgO, FeO, K„0^ TiO-, P^O^ and MnO decrease 
while SiO_/ Jil^O^ and Na„0 show increase with the 
increase in fractional crystallisation. When Ni and Cr 
values (in ppm) are plotted against MgO content they 
show positive correlation with MgO (Fig. 10 a,b). The 
plot of Ni against Cr also shows positive correlation 
(Fig, 10c) a feature indicative of a general coherejrcjo of 
Ni and Cr. For some of the samples the ^ versus Rb plot 
of Pitcpani basic volcanics show a more enrichment of K 
than Rb which is unusual (Fig, 11). 
When compared with other basic volcanics (Table 15) 
of different areas the Pitepani basic volcanics are 
similar in major and trace elemental composition with 
those of continental tholeiitic basalts. 
4.8 SITi^ GOT:* B/iSIC VOLCANICS 
The Sitagota basic volcanics which represent 
the middle basic flows of the area show large variation 
in the major and trace element contents (Table 16). 
SiO , *'^ l2°3' ^ ^ ' ^ ^ ° ' Na20, Yi^, TiO and p20^ have much 
v i r i t ion in tliGir d i s t r i b u t i o n . SiO„ content (in Wt%) 
v^.r-ius from 46.27 to 54,61 with an avcrogc of 51.38. 
MgO and CnO shows much v r r io t ion and vary from 4,11 to 
11.00 and 5.68 to 11.56 with averages of 7.74 and 8.26 
rospcct ivoly, iil^O- content vor ics from 11,05 to 15,08 
and averages a t 13.33. No 0 and K^ O also show v/ide 
vnr ia t ion and vnry from 1,76 to 4,65 and 0.05 to 2,05 
with averages of 3,06 and 0,87 respec t ive ly . TiO_ 
var ies from 0.41 to 1.30 and averages a t 0 .81 . 
Ni and Cr content var ies from 58 to 213 and 58 to 
776 and averages a t 153 and 287 ppm respec t ive ly . Co 
var ies from 40 to 59 and average a t 50 ppm. Cu var ies 
from 93 to 287 and averages a t 176 ppm. Rb and Sr vary 
from t race to 59 and 71 to 595 with averages a t 24 and 
27 2 ppm respec t ive ly . 
Plots of the analysis on normative Di-01-Hy-Qz-Nc 
diagram (Fig, 8) ind ica te t ha t out of 24 samples of 
Si tagota basic volcanicS/ 12 samples are quartz-normative 
and 12 r^rc olivine-normative in composition. Normative 
quartz and o l iv ine range from 0.10 to 6.21 (avg. 2,27) 
and from 0,50 to 18,40 (avg, 7,78) respect ively 
(Table 16A), 
Major elements are p lo t t ed against FoO/MgO ( to ta l 
iron as FeO) to see the f rac t ional c r y s t a l l i s a t i o n of 
these bas ic volcanics (Fig. 9 ) • Most of the elements show 
GH 
consiclor'^blG s c a t t e r of p o i n t s along poo r ly def ined t r ends 
Al 0 , FGO, NG^O and TiO„ shov7 i n c r e a s e whi le MgO^  MnO 
and P^Or show decrease with the i n c r e a s e of FcO/MqO 
Z D 
ratio. SiO and K^O do not show any trend. When Ni -nd 
Cr valu^ .s are xolottcd against MgO content they show 
positive correlation with MgO (Pig, 10 a,b) . The plot of 
Ni against Cr also shows positive correlation (Fig, 10c) ^  
a feature indicative of a general coherence of Ni and Cr, 
In the K versus Rb plot some of the samples of ^ itagota 
basic volcnics show more enrichment of K than Rb which 
is unusual Fig. (11) , 
When compared with other basic volcanics (Table 
15) the Sitagota basic volcanics are similar to conti-
nental tholeiitic basalts in the major element cornposi-
tion. The trace element contents like Ni and Cr are 
high and are similar to the Oceanic/Archaean tholeiitic 
basalts. Sitagota basic volcanic show an increase of 
SiO MgO, Na_0, K_0, Ni, Rb and Cr content and decrease 
of Al 0 , TiO_ and FeO content as compared to lower 
(Pitopani) basic volcanic (Table 19). The trace elemental 
composition of these basic volcanics is not reflected in 
its major elements, 
4.9 MANGIKHUTi^ BaSIC VOLOWICS 
Mangikhuta basic volcanics represent youngest 
volcanic activity in the area, and their chemical 
composition (in Wt%) is given in Table 17. It can be 
Gn 
seen from the Tabic t ha t SiO , ^"^1203' ^^0 and Na^ O show 
l i t t l e var iot ion in t h e i r d i s t r i b u t i o n , SiO ccntent 
var ies from 54,11 to 56,29 which avcr.-'ges a t 54,92. 
A1„0 content var ies from 13,47 to 15.18 and averages 
a t 14,47. FeO content var ies from 7.10 to 8,76 which 
averages a t 7,85. Na^O content ranges from 2,35 to 3,82 
and averages a t 2,98, MgO/ CaO and K„0 have wide range in 
t h e i r d i s t r i b u t i o n . MgO and CaO content var ies from 3,87 
to 8,91 and 5,17 to 8.69 and averages a t 5,38 and 7,13 
respec t ive ly , K_0 var ies from 0.36 to 1,80 and averages 
a t 1.21. 
The t race elemental data (in ppm) show tha t Ni 
and Cr contents vary from 136 to 192 and 161 to 386 
which average a t 156 and 29 3 ppm respec t ive ly , Co 
content shows l i t t l e var ia t ion and var ies from 44 to 47 
and averages a t 46 ppm. Rb and Sr content var ies from 
20 to 88 and 87 to 171 which averages a t 52 ppm and 126 
ppm respec t ive ly . 
The p lo t of these Mangikhuta volcajiics on the 
normative Di-01-Hy-Qz-Ne diagram (Fig, 8) shows t h a t they 
arc a l l quartz-normative which range from 3,78 to 11.20 
(avg. 6.77) (Table 17a) . When the major elements are 
p lo t t ed against FeO/MgO ( to ta l i ron as FeO) most of the 
elements show poorly defined trends (Fig. 9 ) . Al 0 , FeO, 
Yi^Of ^^2^ ^-^^ ^ ^ show increase , while % 0 , Ti02 "^ "^  ^^2°5 
f^ 
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show decrease v/ith an increase of FcO/MgO (fract ional 
c rys ta l lis-^tion) . SiO„ does not show any t rend. Hi ---nc 
Cr values against MgO show pos i t ive corrGl~'tion (Fig. 10 
a,b) . /md the p lo t of Ni against Cr also shows pos i t ive 
corre la t ion (Fig. 10c), a feature ind ica t ive of a 
general cohGronce of Ni and Cr. Some of the samples 
of l>iangikhuta bas ic volcanics shov; a rapid enrichment 
of K than Rb on K versus Rb p l o t (Fig. 11) which i s 
unusual• 
The analysis of Mangikhuta basic volcanics i s 
compared with other bas ic volcanics and i s given in 
Table 18A. I t can be scon tha t the Mangikhuta volcanics 
d i f fe r in composition from ca l c -a lka l i c andesi tes of 
erogenic zones (act ive continental margins and i s land 
arcs) which are charac ter i sed by having low TiO„/ high 
Al 0 , low Ni, Co and Ni/Co < 1 (Taylor e t a l . 1969), 
On the other hand the major clement conposition of these 
volcanics resemble with tha t of i cc l and i t e and cr^ignu-
r i t o s / believed to be the product of d i f fe ren t i a t ion of 
t h o l e i i t i c basa l t s • (Mcbirney, 1969). 
In general the Mangikhuta b^sic volcanic shows 
of 
an incrcose^SiO^, MgO, Na^O, K„0, Ni, Rb and Cr, and 
decrease of TiO^/ ^^^o^-i, '"'^ '^  "^^ ^ ^s compared to lov/er 
(Pitcpani) and middle (Sitagota) basic volcanics of the 
area (Table 19) , 
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FIG.8. Di -OL-Hy-Qz~Ne NORMATIVE DIAGRAM. 
o = SITAGOTA BASIC VOLCANICS, •=MANGIKHUTA BASIC 
VOLCANICS, X=PITEPANI BASIC VOLCANICS. 
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FI6.I2. ACN DIAGRAM SHOWING DIFFERENT FIELDS OF BASALT 
ALTERATION (after Jolly and Smith 1972) 
( O 
The Ni and Cr c o n t e n t s of t h e Mangikhu ta 
b a s i c v o l c a n i c s ( b a s a l t i c - a n d c s i t e s ) a r e v e r y h i g h 
and e r e n o t r e f l e c t e d i n t h e i r major e l e m e n t a l 
a b u n d a n c e s . 
4 .10 EFFECT OF ALTERATION ON DONGrtRG/kRH BASIC VOLCANICS 
As many be e x p e c t e d from t h e m i n e r a l o g i c a l 
d i f f e r e n c e s be tween t h e f r e s h and a l t e r e d r o c k s , t h e 
chemica l c o m p o s i t i o n of Dongarga rh b a s i c v o l c a n i c 
r o c k s seems t o have been a f f e c t e d by a l t e r a t i o n 
p r o c e s s e s . Such an a l t e r a t i o n i s q u i t e common i n 
v o l c a n i c r o c k s , s p i l i t e s b e i n g t h e common a l t e r e d 
r o c k s which a r e c h a r a c t e r i s e d by t h e t y p i c a l a l b i t e / 
o l i g o c l a s e w i t h c h l o r i t e m i n e r a l a s s e m b l a g e , i g n e o u s 
t e x t u r e and Na 0 and H_0 e n r i c h m e n t , ^n i n t e r p r e t a t i o n s 
b a s e d on c h e m i c a l c h a r a c t e r i s t i c s of a l t e r e d r o c k s , t h e 
q u e s t i o n a r i s e s a s t o what was t h e i r c o m p o s i t i o n p r i o r 
t o a l t e r a t i o n and u p t o wha t e x t e n t t h e i r c h e m i c a l c o n s t i -
t u e n t s have been a f f e c t e d by p o s t - i g n e o u s p r o c e s s e s . 
Though t h e Dongarga rh b a s i c v o l c a n i c s , h a v e s u f f e r e d a 
low g r a d e metamorphism (some of them h a v e b e e n a f f e c t e d 
by s p i l i t i z a t i o n ) y e t t h e y p r e s e r v e t l i e i r o r i g i n a l 
i g n e o u s t e x t u r e t o a l a r g e e x t e n t . 
f b 
Various di?grams and chemical c r i t e r i a have buoa 
used to see the ef fect of a l tcr '^ t ion and metasomatisi.i 
on the composition of Dongargarh b^sic volcvanics, '.•Jhon 
the analysis of Dongargarh basic volcanics i s p lo t t ed on 
aCN face of TJCFN diagram (after J o l l y and Smithy 197 2), 
they show (Fig. 12) th.-^t most of the samples p l o t in and 
near a lb i t o r ich b a s a l t f i e ld except some of the samples 
which f a l l in una l t e r ed / l ea s t a l t e r ed b a s a l t f i e l d . 
The general inc l ina t ion of p lo t s towards the Na 0 apex 
seems to be the r e s u l t of in t roduct ion of addit ional 
soda content in post-magm.-^tic processes . 
Soda metasomntism of these volcanics can also bo 
seen in the K^O+Na 0 versus K^ O X lOO/KgO+Na-O diagram 
(af ter Hughes, 1972) (Fig. 13) . The rocks f a l l i ng outside 
the 'igneous spectrum* f i e ld were considered to be t ha t 
of unusual composition formed by post-igneous metasoma-
tism (ibid) . In the above diagram some of the analysis 
of these volcanics p l o t outside the (igneous spectrum' 
and in the f i e ld of ' s p i l i t e s ' . 
The effect of soda metasomatism on the composi-
t ion of Dongargarh bas ic volcanics can be broadly visua-
l ized by the study of the chemical composition of the 
samples which have been affected or unaffected by s p i l i -
za t ion . The c r i t e r i a for d i f f e r en t i a t i ng the affected 
and unaffected samples by s p i l i t i z a t i o n being, the Na_0 
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content which is cither more than or less than 3 percent 
respectively (PapezilC/ 1968) . The above study indicates 
th-'^-t the impict of albitisation is mostly on Nri 0, G^ O 
And to a lesser extent on SiO^. This supports the 
general belief thp.t the rocks are .also enriched in 
silica besides soda during spilitization (Turner/ 1948; 
Yoder/ 1967). The CaO appears to have been partly eliiiii-
natod from the basic volcanics and Na 0 has been added 
along with silica. The data also bears a testimony with 
the fact that the process of albitisation has not been 
completed in the flows of basic volcanics. 
In Dongargarh basic volcanics, some of the 
samples show consi dsrablc increase in K_0 content. 
In the Na^O-K-O-CaO ternary diagram (Fig, 14) some of 
the samples show deviation towards K„0 apex from the 
general trend, suggesting their secondary enrichment in 
potassium. Further, it can be seen from the K-0 versus 
Na 0 binary diagroxn (Fig. 15) that most of the samples 
do not show linear relationship of K„0 with Na 0 content. 
These volcanics, show largo compositional varia-
tion, especially in K and Na at particular SiO contents. 
The variation of K and Na are shown in Figure (16) 
where K^O/Na^O ratios of the samples are piotted against 
their SiO^ content. The close spatial association of 
the samples with high and low potash abundances and 
erratic variation of K^O/Na_0 ratio within individual 
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volc in ics indicate thr.t the var ia t ion in the major 
olciacntcl composition in those Volcanics, aro probpbly 
duG to primary magm~tic and a lka l i metasomatic procossc: , 
4.11 m o m TYPE 
The most common method used for d i f f e ren t i a t ing 
the volcanic rocks i s the a l k a l i - s i l i c a (Na O+K^ O 
versus SiO_) diagram given by Kuno (1959) and Macdonald 
(1968). When the analyses of Dongargarh basic volcanics 
are p lo t t ed on the above diagram (Fig. 17) most of the 
samples p l o t in sub-a lka l ic ( t h o l e i i t i c ) f i e l d except 
some of the samples which p l o t in a l k a l i - b a s a l t f i e l d . 
The samples f a l l ing in the a l k a l i - b a s a l t f i e ld might 
have been affected by a lka l i metasomatism, therefore , 
other methods have been used to see the nature of these 
volcanic rocks, 
Murata (1960) proposed a va r ia t ion diagram 
(Al 0 /SiO- versus MgO) to d is t inguish between the 
d i f fe ren t ba sa l t scri^-s. When tliesc samples are 
p lo t t ed on the above diagram most of the samples show 
t h o l e i i t i c noture (Fig, 18) . The t h o l c i i t i c a f f in i ty of 
these volcanics as indicated by the above diagram appears 
to be the i n i t i a l composition of the volcanics, because 
a lka l i e s which have been affected by metasomatism are not 
involved in t h i s method. 
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Kuno Gt a l . (1957) suggcstod a method to d i s t i n -
guish the nature of magmas by using FG_0„/FGO r<'^tio and 
found th i s r a t i o to be 0.5 and 0.3 for a lkal ine and 
t h o l o i i t i c rocks rospoct ively , Ti l loy e t al • (1965) r--. , 
Engel e t a l . (1965) also noted tha t the a lka l i l-^v-'c ^ cc 
typ ica l ly more oxidised than tho t h o l e i i t i c l avas . Thu 
average FepO_/FeO r a t i o of the samples of the Dongargarh 
bas ic volcanics (Pitepani = 0»18, Si tagota = 0,28, 
Mangikhuta = 0.24) ind ica te t h o l e i i t i c composition of 
the magma (Table 1 9 ) . The above bas ic volcanics are 
hypersthene normative with e i t he r o l iv ine or c[uartz, 
which further suggests t h e i r t h o l e i i t i c na ture . 
The sub-alkal ic ( t h o l e i i t i c ) volcnnics are fur ther 
divided in to two sub-groups (a)with i ron enrichment t rend 
ca l led as t h o l e i i t i c and (b)iron depiction trend ca l led 
ca l c - a lka l i c se r i es respect ively (Kuno 1959, 1968; 
Nockolds and ^"illen 1956; I rv ine and Baragar 1971; 
Miyashiro 1974; Miyashiro and Shido 1975), 
I rv ine and Barag-^r (1971) proposed "^^ l^ o^ versus 
normative plagioclase binary diagram and AFM (A = Na.O-f 
K 0, F = Total iron as FeO, M = MgO) ternary diagrams to 
d is t inguish t h o l e i i t e from ca l c -a lka l i b a s a l t . In 
Al^O- versus normative plagioclase binary diagram a l l 
the sanplcs of Dongargarh basic volcanics p lo t in 
t h o l e i i t e f i e ld thus ind ica t ing t h e i r t h o l e i i t i c nature 
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(Fig. 19) * In aFM tcrn'^ry di'''gram majority of the 
samples show iron enrichment and p l o t in t h o l e i i t o f i e ld , 
while some of the samplu.s do not show iron enrichment an J 
p lo t in ca l c - a lka l i c f i e l d (Fig, 20) . 
Kdyishiro (1974) h ' s used FeO/MgO versus SiO^/ FeO 
(Total i ron .as FGO) and TiO contents to dis t inguish 
t h o l e i i t i c m-'gma from calc a lkal ine and h^-s found tha t in 
t h o l c i i t e magma SiO_ remains nearly constant or shows 
s l i g h t increase , whereas in ca l c - a lka l i c magma Si02 shows 
rapid increase with advance f rac t ional c r y s t a l l i s a t i o n . 
Majority of the samples of Dongargarh bas ic volcanics 
show nearly constant or s l i g h t increase of SiO„ with 
increase of FeO/MgO (Fig, 21a), thus ind ica t ing t h e i r 
t h o l e i i t i c nature with s l i g h t c a l c - a l k a l i c tendency. 
Miyashiro (1974) has a lso shown the increase of FeO 
( to ta l iron as FeO) and TiO in t h o l e i i t o and decrease of 
these oxides in c a l c - a l k a l i c magma with advance f rac t ional 
c r y s t a l l i s a t i o n . Those volcanics show an increase of FcO 
and TiOj with the increase of FcO/Mg^ (Figs . 21 b and c) 
which further supports the t h o l e i i t i c n"'ture of 
Dongargarh bas ic volcanics , 
Engol c t a l , (1965) suggested t h a t on the bas i s of 
K„0 content t h o l e i i t e s can be d i f f e ren t i a t ed as oceanic 
t h o l c i i t e s and continental t h o l e i i t e s found in oceanic and 
contonental environment respec t ive ly . They (ibid) 
considered the K-0 content of occnnic t h o l c i i t e to be l ess 
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than 0.20 whorcas in the continental tholeiito it is r. r. 
than 0.50 with an avGragc of 0.90, The K^O content for 
2 
Dong-^rgarh basic volcanics (Pitcpani = 0.86, Si tagota -
0.87 and Mangikhuta = l , 2 l ) ind ica te t h a t they are 
cont inental t h o l c i i t e s (Table 19) . 
The K 0 content of b a s a l t i c rocks has been 
considered as re la ted to the thickness and composition 
of the c rus t in which the rocks were ernplaced. (Condie e t 
a l , 1969; Naqyi and Hussaiji 1973 a; Naqvi e t a l , 1974a) „ 
•'•he low KpO contents of basa l t s are a t t r i b u t e d to t h e i r 
emplacement in an oceanic type ( thin) crust / whereas the 
high K„0 values in younger cont inental t h o l e i i t e s i s 
believed to be a product of contamination from a thick 
and more d i f fe ren t i a t ed c rus t (Nn.qvi e t a l . 1974 a,b) , 
I t has a lso been demonstrated t h a t ass imila t ion of 
c rus ta l m.-^terial by magmas generally leads to an 
enrichment in the molecular r a t i o (Na-OH-K_0/Al_0_) (Kuno, 
1966) . This has been ut i l ized, in ca lcu la t ing the thcta 
index (Sugimura 1968) • The higher the values of thc ta , 
the lower i s the depth of magma generation (Condie e t a l . ^ 
1969; Naqyi and Hussain, 1973a; Naqvi e t a l . 1974b). 
Modern continental t h o l e i i t e s have theta values less than 
36 and occur in cont inental c rus t of more than 30 kms 
in thickness , whereas oceanic t h o l e i i t e s and archacan 
mctabasalts have the ta values g rea te r than 36/ and occur 
in a thin crus t (ArmbruBtmachcr, 1977) • The thcta 
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values of Dongargr.rh basic volcanics vary from 25 tc 3 3 
s 
anci h-'.VG average ,of 35/ 30 and 34 for the Pi tcpani , 
Sit-i.yoti and Mpngikhuta basic volcanics respect ively 
(Tabic 19)^ thus ind ica t ing t he i r eruption on thick 
( > 30 km.) continental c rus t . 
Pearce c t a l . (1975) have used a Yi<D-T±0^'-'}Pj:>^ 
ternary diagram which can be effect ively used to 
discriminate between the oceanic and non-oceanic 
(continental) b a s a l t s , ^iccording to them (ibid) the above 
diagram i s effect ive for non-alkal ic pr imi t ive basa l t s 
which have Na^ O+K-O < 20 for APM ternary diagram. 
Plots of the analysis of Dongargarh basic volcanics on 
the above diagram, mostly f a l l in non-oceanic 
(continental) f i e ld (Fig, 22) thus ind ica t ing t h e i r 
eruption through cont inental c r u s t . 
Pearce o t a l . (1977) suggested MgO-FeO ( to ta l i ron)-
A1„0_ ternary diagram to discriminate between oceanic 
i s land basa l t , oceanic ridge and f loor b a s a l t , cont inental 
basa l t , spreading centre basa l t and orogenic bas-^lt. 
Thoy.used only those samples which have s i l i c a content 
(anhydrous) between 51-56 percent . Plots of the 
Dongargarh volcanics on the above diagram (Fig, 23) 
occupy mostly cont inental ba sa l t f i e l d . 
The above s tudies ind ica te t h a t the Dongargarh 
basic volcanics are t h o l e i i t i c in nature with s l i g h t 
c a l c - a l k a l i c tendency and were extruded on a thick 
continental c ru s t . 
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CHTiPTER V 
PETROGENESIS ."^ND DISCUSSION 
In this chapter an attompt has been mado to 
distinguish the processes responsible for the ovclutica 
of the acidic and basic rocks of the Dongargarh System 
depending upon their field relationship, petrological 
studios and chemical composition. The acidic rocks of 
the area consist" of Bijli rhyolitC/ porphyritic micro-
granite and Dongargarh granite, whereas, the basic rocks 
are represented by Dongargarh basic volcanics (Pitopani, 
Sitagota and Mangikhuta basic volcanics). 
5,1 aCIDIC ROCKS 
The processes responsible for the origin of 
acidic rocks are (i^by fractional crystallisation of 
basic or andesitic magma, (ii)formation of granite by 
metasomatism, (iii) by partial fusion of the upper 
crustal sediments ie., anatcxis and (iv) by partial 
melting of the crust. 
Observations of field, chemistry and petrography 
of the acidic rocks of the area are herein discussed 
with respect to the above points. 
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By 
5 .1 .1 ,^ f ract lonal crj^s_talli_2j2ti^^ of b ' l sa l t i c or 
enCIGs 1 t l c maqma; The acidic rocks or ig ina ted from P 
bas '^l t ic or andcs i t ic parent by f rac t iona l crystal l i - -
sa t ion wi l l have cer ta in volume rela-tlonship (Coombs, 
1963; Ewart ond Stipp, 1968; Wolkor, 1969). I t i s 
assumed tha t the gran i te or rhyo l i t e residue of such 
a magma would be l e s s than one tenth of the or ig ina l 
magma volume (Barth, 1962, p .122) . The or igin of the 
ac id ic rocks of the studied area (Bi j l i rhyol i tes / 
porphyr i t lc microgranite and Dongargarh granite) by 
f rac t iona l c r y s t a l l i s a t i o n from a b a s a l t i c / a n d o s i t i c 
magma seems unl ikely in the absence of evidence of i t s 
complementary basic and u l t r a b a s i c accumulation in the 
area, 
5 ,1 .2 . Fo^rmation of SJ'^J:.S£_..^X n^Qtas_omatism: Origin of 
g ran i te by metasomatism of s ch i s t s and gneisses have 
been supported by many workers (Backlundi, 1946; Reynolds, 
1946/ 1947 a ,b , ; Read, 1948). Reynolds has defined 
metasomatism as "a proctfSS by which so l id rocks are 
converted to grani tes v/ithout passing through a magm-^tic 
s t age" , Ticcording to Sarkar (1957-58) the coarse grained 
grani te (Dongargarh granite) of the area i s formed by 
metasomatic processes mostly by ' i n s i t u ' g r an i t i s a t i on , 
the mota-rhyolites are transformed in to coarse grained 
grani te through porphyr i t ic microgranite and granophyric 
phases. 
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The fiald relationship/ chGmlcal data and pctix-
logical studies of the acidic rocks of the area indlc t^: 
the (l) absence of gradatlonal contact and the presence ^ jl 
sh>..'.rp contact between Dongargarh granite and Bljll 
rhyollte, (il) absence of porphyritic mlcrogranltc be:'ecrj. 
Bljli rhyollte and Dongargarh granite and its presence 
as pods within the Bljli rhyollte/ (ill)absence of high 
grade motamorphic rocks (gneisses) from the area, 
(iv)absence of chemical changes from Bljli rhyollte to 
Dongargarh granite through pojrphyritic microgranite and 
(v)the presence of perthitic feldspar in Dongargarh 
granite which Is an indication of magmatic origin 
(Middlemost 1971) . 
On the basis of the above observations the origin 
of Dongargarh granite by mctasom-^tism seems unlikely. 
5,1,3. By partial fusion of the upper crustal sediments: 
Origin of the acidic magma by the partial fusion of the 
upper crustal sediments (greywackcs and arglllites) have 
been suggested by majiy workers (Thompson and Talwani/ 
1964; Peterman et al. 1967; Ewart and Stipp/ 1968; ColC/ 
1973; Arth and Hanson, 1975). Winkler (1967) has shown 
that granitic melts can be produced by partial melting of 
rocks having grcywacke conposition at pressures 
comparable to those found at crustal depth. 
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The higher concentration of ferromagnesium in • j ' r 
and tr-'^ -co elements, wide range and non-uniformity in 
t h e i r elemental composition suggests t h a t the B i j l i 
rhyo l i t cs are mctascdimcntary ra ther than igneous in 
or ig in and probably hove formed by the melting of the 
sediments (greywackes and a r g i l l i t e s ) by deep bur ia l or 
by upwelling of b a s a l t i c magma. 
In the presence of higher contents of ferromagne-
sium Clements# high K^ O i s unexpected. High K 0 content 
along with high ferromagnesium elements in B i j l i 
rhyol i te suggests K-enrichment which can also be seen 
in K20/Na20 versus Si02 diagram (Fig, 16»%) , The K/Na 
r a t i o s r e f l ec t magma f rac t ionat ion (Viljoen and Viljocn, 
1969c) . The high K/Na r a t i o s of B i j l i rhyol i te in the 
presence of high ferromagnesium elements compared to 
other rhyol i tes (Table 8) suggest t h a t they have been 
affected by K-enrichment, They p l o t towards Rb 
depletion side on K versus Rb diagram which also 
suggests K-enrichment in B i j l i rhyo l i t e (Fig, 4 ) , The 
K^ O content of B i j l i r hyo l i t e i s higher as compared with 
the grcyv/ackes (Table 8) which probably indica te a 
corresponding increase in gran i te /gne iss de t r i t u s a t 
the expense of mafic d e t r i t u s . 
The higher contents of Ni in B i j l i rhyol i te 
i s apparent when Ni i s p lo t t ed against Rb (Fig, 6 ) . The 
enrichment of Ni may be explained by the existence of 
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ultraaiP-fic component in tho source area of the greyw 'ci'..,; 
V7hich iftcjr melting might have given r i s e to B i j l i 
r n y o l i t c . Most of the B i j l i rhyo l i t es p l o t in the f•'. 1^ * 
of Shcba greywack-S and also away from igneous truni,"' in 
the Rb/Sr versus Rb diagram (Fig. 5 ) , Condie o t alo 
(1969) suggested low Sr basa l t s in the provenance for 
the Sheba grcywackes, From the p lo t s of the B i j l i 
rhyol i t es in Figure 5 s imi la r conclusions can be 
drav7n regarding th^ .sediments which gave r i s e to B i j l i 
rhyol i tes* 
5 ,1 .4 . By p a r t i a l molting of the c rus t : Formation of 
the acidic magma by p a r t i a l melting of the c rus t has 
been suggested by many workers (Ewart and St ipp, 1968; 
Walker 1969; /tloxander 1980a) . The Dongargarh grani te 
shows high FeO/ MgO, Ni, Cr contents, high Rb/Gr r a t i o s 
and low Sr contents as compared to the s imi lar rock 
typos (Table 12). Most probably the above chemical 
va r ia t ions may be duo to assimilabion of the previously 
ex i s t ing rock (Bi j l i rhyol i tc ) of the area or may be duo 
to l ess d i f fe ren t i a t ion of the magma. The Dongargeirh 
grani te shov/s sharp contact with country rocks and has 
narrow range and uniformity in i t s composition. I t i s 
suggested tha t most probably i t has formed by the 
p a r t i a l molting of the c rus t . 
9f) 
The porphyr i t ic microgranite, which occurs as 
pods in the B i j l i rhyol i to shows gr'^nophyric and 
myrMoh"i ti c tGXturcs. The prcsencG of myrmeki t i c 
toxtu.ro i s suggcstivG of a regional s t r e s s f i e ld 
dux-ing consolidation of the racssif (Shelley 1964; 
Parslow 197l)> The porphyr i t ic microgranite might 
have or ig ina ted by the melting of p a r t of B i j l i 
rhyol i te by upwolling Dongargarh grani te magma^  
The analy t ica l data of the ac idic rocks of 
Dongargarh system (Bi j l i r hyo l i t e , porphyr i t ic 
microgranite and Dongargarh grani te) when p lo t t ed on 
various ternary diagrams (Quartz-Orthoclase-Plagioclasc), 
(Orthoclase-albite-. ;morthite) and Na20-CaO--K20 (Fig, 24 
a,b/c) suggest t ha t the B i j l i rhyo l i t e and porphyr i t ic 
microgranite behave as one un i t , whereas the Dongargarh 
grani te p lo t s separately and behaves as a separate u n i t . 
I t can fur ther be seen from Table 13 tha t the B i j l i 
rhyo l i t e and porphyr i t ic microgranite have higher fo r rc -
magnesium contents and show almost s imi la r wide var ia t ion 
and non-uniformity in t h e i r elemental d i s t r ibu t ion as 
compared to ^ongargarh g ran i t e . 
The f i e ld re la t ionship / chemical and potrological 
s tudies suggest t h a t B i j l i rhyol i te has formed by 
melting of the sediments (greywackes and a r g i l l i t e s ) , 
the porphyr i t ic microgranite by remclting of B i j l i 
rhyol i te and the Dongargarh gran i te by the p a r t i a l 
melting of the c ru s t . 
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5.2 BASIC ROCKS (VOLCANICS) 
The problem of the o r i g i n of d i f f e r e n t type of 
b a s a l t s has been much debated and many hypotheGes have 
been proposed fo r t h e i r o r i g i n . I t i s e v i d e n t fror.. 
the p r e s e n t knowledge t h a t b a s a l t i c magmas a re der ived 
by p a r t i a l mel t ing of the upper mantle (Green and 
Po lde rvaa r t / 1958; Green and Ringwood, 1967; Menson, 
1968; Hurley e t a l . 1962; Yoder and T i l l e y , 1962; 
Green, 1976; O'Hara 1977/rMiyashiro 1978) . 
To know t h e n a t u r e of source m a t e r i a l , and 
the p roces se s invo lved i n the magma g e n e r a t i o n va r ious 
workers have given models on the b a s i s of exper imenta l 
and f i e l d s t u d i e s . 
The exper imenta l s t u d i e s have shown t h a t t h e 
composit ion of magma depends upon depth, wate r con ten t 
and physicochemical c o n d i t i o n s of the mantle (Walker 
a 
and Po lde rvo^ t 1949; Osborn 1959, 1962; Yoder and T i l l e y , 
1962; Green and Ringwood, 1964, 1966; Kuno, 1965; 
Yoder, 1969; Kushiro, 1970; Kushiro e t a l , 1972; Mysen 
e t a l . 1974; Green, 1976) . 
Yoder and Tilley (1962) have demonstrated that 
the differentiation of a basaltic magma at high 
pressure (20 kbs) will be controlled by the crystalli-
zation of garnets and pyroxenes. The crystallization 
on 
of garnet from t h o l e i i t i c l iqu ids might produce alkal i 
basa l t / while c r y s t a l l i z a t i o n of omphacite from a lka l i 
b a s a l t would cause the residual l iqu id to d i f f e r en t i a t e 
towards t h o l e l i t e . 
Green and Ringwood (1964, 1967) based on t h e i r 
s tudies Gon-Cluded t h a t a t low pressures (O to 5 kbs) 
c r y s t a l l i z a t i o n i s dominated by o l iv ine with c l ino -
pyroxene or p lagioclase as the second phase to give 
r i s e to a residue of quartz t h o l e i i t e composition. 
At moderate pressures (5 to 10 kbs) the f rac t ionat ion 
of o l iv ine i s dominated in the i n i t i a l pressures , l a t e r 
orthopyroxene and plagioclase follow to give r i s e to 
high alumina b a s a l t s . At intermediate pressures (10 to 
20 kbs) o l iv ine i s depressed largely and c r y s t a l l i z a t i o n 
i s dominated by aluminous orthopyroxene to y ie ld 
a l k a l i - o l i v i n e b a s a l t s . 
Kushiro e t a l . (197 2) have shown t h a t a t 20 kbs. 
pressure under anhydrous condit ions, o l iv ine t h o l e i i t e 
magma i s formed by p a r t i a l melting (15-20 %) of 
Lherzoli te a t about 60 kms depth. The Mg/Mg+Fe r a t i o 
and Cr content increases and Al, Ti and Na content 
decrease in the magma with the increase of temperature 
and degree of p a r t i a l melt ing. 
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Walker and Poldervanrt (1949) have recognised 
tha t Fe„OVPGO value in many rock su i tes ind ica te t ha t 
i t tends to be low in high-iron concentration type of 
f rac t iona t ion . Osborn (1959, 1952) has demonstrated t h a t 
magnetite c ry s t a l l i z a t i on i s probably control led by tho 
oxygen pressure of the magma and the high oxygen pressure 
would be favoured by high water content of the magma. 
Kuno (1965) showed tha t a crude corre la t ion ex i s t s 
between Fe„0„/FeO and the r a t e of increase of FeO+Fe^O 
with f rac t ionat ion of the magma. 
Most of the pe t ro log i s t s believed tha t s i l i c a 
r ich magmas v^ere produced by contamination of basa l t s by 
sediments or remelting of sediments (KunO/ 1950/ Ringwood, 
1975). Kuno (1968) proposed tha t c a l c - a lka l i c andesites 
were formed by f rac t ional c r y s t a l l i z a t i o n of b a s a l t i c 
magmas. Gorshkov (1962) concluded tha t orogenic type 
magmas are of primary or ig in which are generated a t 
depths of 70 to 150 kms beneath Is land arcs in the 
mantle. Poldervaart (1955), O'Hara (1965), Kushiro and 
Yoder (1969) and Kushiro (1969, 1970) have proposed the 
or ig in of andes i t i c magmas by the p a r t i a l melting of 
ul tramafic upper mantle, 
Yoder (1969), Kushiro (1970), Kushiro e t a l . 
(1972), Mysen and Kushiro (1974) and Mysen e t a l . (1974) 
have suggested tha t under hydrous conditions s i l i c a r ich 
magma can be generated by the p a r t i a l melting (20 percent) 
lOJ 
of p e r i d o t i t e a t 25 Tcbs pressures about 80 kms. depth. 
Kushiro (1973) and Mysen and Boettcher (1975) suggested 
tha t sa tura ted to s l i gh t l y over-sa tura ted magmas 
(basa l t ic -andes i tes ) could have beerj generated in a 
hydrous upper mantle, 
Shiraki and Kuroda (1977), Sato (1977, 1978), 
Shiraki e t a l , (1978), Kuroda e t a l , (1978), Kushiro 
and Sato* (1978) and Reid (1979) have reported s i l i c a 
r ich volcanics (andesites) with higher MgO, Ni, Cr 
contents (Table 18) and suggested tha t they may be the 
products of small degree of f rac t iona l c r y s t a l l i z a t i o n 
of pr imi t ive magmas of have been derived from an upper 
hydrous mantle p e r i d o t i t e a t r e l a t i v e l y high temperature 
and pressure condi t ions . 
In the l i g h t of various escperimental s tudies and 
data reported by di f ferent workers* the probable or ig in 
of the Dongargarh basic volcanics i s discussed below, 
The Dongargarh basic volcanics have higher l eve l s 
of ferromagnesium elements which are not expl icable from 
t h e i r normative compositions. The ferromagnesium 
elements are supposed to be s t rongly r e l a t ed to MgO 
content (Turekian 1963) • If f rac t ionat ion i s assumed t o 
have given r i s e to these bas ic volcanics , i t should be 
re f lec ted in the t race elements and the re la t ionsh ip 
between major and t race elements should be c l ea r . The 
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studies of Wager and Mitchell (1951, jqSS), Nockolds and 
land 
Allen (1956), Turekion (1963), Greenyard Lovering (1966), 
Dickinson (1968), Hedge (1971), and Taylor e t a l . (1971) 
have shovm conclusively' t h a t these elCiiients decrease with 
progressive c r y s t a l l i z a t i o n , 
Crustal contamination also can not be assumed as 
the cause for the observed major element v a r i a t i o n s . 
Crustal contamination should also decrease the ferromag-
nesium t race element content and increase the K^ O 
content . I t i s believed t h a t 70% of g r a n i t i c material 
i s required to mix with a l k a l i - o r t h o l e i i t i c ~ b a s a l t s to 
give r i s e to a 20 ppm Ni value of andesite (Taylor e t a l . 
1969, 1971). Thus the high ferromagnesium t race element 
contents and t h e i r poor re la t ionsh ip with the SiO^, in 
Dongargarh basic volcanics (Table 19) ndicate t ha t no 
appreciable c rus ta l contamination has taken p lace . I t 
can be suggested from the major and t race elemental 
abundances in Dongarge ~h basic volcan'cs t h a t they have 
been formed by the p a r t i a l melting of the upper mantle 
under d i f ferent physico-chemical condi t ions . 
Samples of some of the Dongargarh bas ic volcanics 
are low K~tholei i tes ^Table 16) , Eclogite has been much 
discussed as poss ib le mantle material and a poss ib le 
source of b a s a l t i c magma, Yoder and Ti l ley (1962) 
concluded t h a t for every major b a s a l t type there i s a 
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cheiTiically equivalent e c l o g i t e . The Low K- tho le i i t e 
samples of Dongargarh basic volcanics aeems to have 
been derived from high degree of p a r t i a l melting of 
possible lenses and patches of ec log i te in p e r i d o t i t e 
upper mantle. 
The Dongargarh basic volcanics represent tlirec 
d i f ferent episodes of volcanism i e . , Pi tepani/ Si tagota 
and Mangilchuta. These volcanics might have or ig ina ted 
e i t he r from three d i f ferent sources or from a common 
source. The f i r s t p robabi l i ty may be ruled out as these 
volcanics occur a t one place and also t h e i r p lo t s on 
d i f ferent va r i a t ion diagrams follow a common t rend. In 
the second case i f the common source has supplied 
successive magmas three times, i t i s l i k e l y to undergo 
cer ta in chemical changes which may be -ecordod in the 
successive flows. The differences in the composition of 
these basic volcanics xe,, the increase of SiO^/ MgO^  
Ni Cr, Mg/Mg+Fe, Fe„0 /FeO and decre-^se of A1„0-, TiO^., 
FeO from older to younger bas ic volcanics (Table 19) 
suggest a common source for these volcanics which has 
undergone d i f fe ren t physico-chemical condi t ions . 
The lower (Pitepani) bas ic volcanics which have 
moderate major and t race elemental composition (Table 14] 
and show d i s t i n c t t h o l e i i t i c a f f i n i t y can be r e l a t ed to 
low degree of p a r t i a l melting of anhydrous p e r i d o t i t i c 
upper mantle, A r e l a t i ve decrease of i ron content in 
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upper basic volcanics (Table 19) sugges-t a progress ive 
increase in ca l c -a lka l i c a f f in i t y from lov/er to upper 
basic volcanics . This can be r e l a t ed to the increases 
of 'H„0 in the mantle, which apparently has increased 
v/ith t ime. 
The middle (Sitagota) bas ic volcanics have higher 
SiO^/ MgO, 'Jl±, Cr/ Mg/Mg -^Fe, Fe^OVFeO and lower Al20^^, 
TiO , and FeO as compared to older (Pitepani) basic 
volcanics (Table 19) . I t i s suggested t h a t these 
volcanics have formed by large degree of p a r t i a l 
melting of p e r i d o t i t e upper mantle under high water 
pressure a t r e l a t i v e l y grea ter depth as compared to lov/er 
basic volcanics . 
The upper (Mangikhuta) bas ic volcanic have 
higher SiO^r Ni, Cr, Fe OVFeO and lo\ ^^^2* "^^°' '^ •^2*^3' 
as compared to lower and middle basic volcanics 
(Table 19) . I t i s suggested t h a t these volcanics 
represent less d i f fe ren t i a ted primary magma formed 
by la rger degree of p a r t i a l melting of hydrous 
p e r i d o t i t e upper mantle a t r e l a t i v e l y g rea te r depth as 
compared to lower and middle basic vo lcan ics . 
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CHAPTER VI 
DONGARGARH VOLCANISM ."iND ITS TECTONIC SETTING 
I n t h i s c h a p t e r t h e s e c u l a r c o m p o s i t i o n a l 
v a r i a t i o n s i n b a s i c m a g m a t i s m t h r o u g h g e o l o g i c a l 
o 
t i m e w i t h s p e c i a l r o : ^ r e n c e t o D o n g a r g a r h b a s i c 
v o l c n n i s m a n d a s c o m p a r e d w i t h o t h e r o l d e r a n d 
y o u n g e r s o q u u n c e s a r c p r e s e n t e d . The t e c t o n i c 
s e t t i n g o f D o n g a r g a r h v o l c a n o s c d i m c n t a r y s e q u e n c e 
i s a l s o d i s c u s s e d . 
6 . 1 DONGaRCriRH VOLCTiNlSM IN SPACE AND TIME 
I n I n d i a , v a s t e x p o s u r e s o f b a s i c / u l t r a b a s i c 
r o c k s a r e f o u n d a s s o c i a t e d w i t h d i f f e r e n t c h r o n o s t r a t i -
g r a p h i c s e c j u e n c e s . They r a n g e f r o m 3 . 5 b . y , ( B e c k i n s a l e 
e t a l . 1 9 8 0 ) t o 0 . 0 6 b . y . ( S r i k a n t i a etjal. 1 9 7 6 ) o r 
e v e n l e s s , a n d t h u s p r o v i d e a m p l e o p p o r t u n i t y f o r 
u i i u o r s t a n d i n g t h e c o m p o s i t i o n a l v a r i a t i o n s i n t h e b a s i c 
m a g m a t i s m t h r o u g h t i m e ( N a q v i , 1 9 7 9 ) . 
The u l t r a b a s i c r o c k s a r e n o t w e l l d i s t r i b u t e d i n 
s p a c e a n d t i m e , t h e m a j o r i t y b e i n g c o n f i n e d t o t h e 
A r c h a e a n e r a a n d a r e a s s o c i a t e d w i t h g r e e n s t o n e b e l t s 
l i i c e H o l o n a r a s i p u r , K o l o r , N u g g i h a l l i a n d o t h e r s c h i s t 
b e l t s i n K a m a t a k a ( V i s w a n a t h a a n d R a m a k r i s h n a n / 1 9 7 5 ; 
N a q v i c t a l , 1 9 7 8 ) . E a r l y P r o t c r o z o i c b a s i c v o l c a n i c s 
lOB 
arc associated with gcosynclinal sequences l i k e Chitradur-
g?, Shimoga and Bababudan sch i s t bo l t s (Naqvi and 
Hussain, 1973 fl/b) whereas, middle to l a t e Protcrozoic 
bas^^c rocks arc found in Cuddapah basin in South India 
(Sinha and RaO/ 1968; Somayajulu and Singhal, 1968) and 
as Pi topani , Si tagota and Mangikhuta basic volcanics 
in Central Ind ia . The Phanerozoic lava flows are found 
as Dcccan Traps in Western India and as Dras;, Zhanskar, 
Kumaon, Tangzc and Chamoli volcanics in Himalayas 
(Divokara Rao e t a l , 1971; Divakara Rao, 1979; Mahshar 
Rasa, 1979). 
Though adequate age data arc not avai lable for 
many of these basic rocks, the general ised large scale 
chronostrat igraphic sequences are well es tab l i shed for 
them on tlie bas is of l i t ho log i ca l assocLations. 
ConsidoraJDle chemical d^ta for these b a s i c / u l t r a b a s i c 
rocks are reported by several workers (Sinha and Rao, 
1968; Naqvi and Hussain, 1973 a ,b ; Naqvi e t a l , 1974 a,b; 
Satyanar-^yana c t a l . 1974; Divakara Rao e t a l , 1971, 
1975; Geochemistry Group, 1977; Naqvi, 1971, 1979; 
Divakara Rao, 1979; Alexander, 1980 b '-) . 
The chernical analysis of the b a s i c / u l t r a b a s i c 
rocks of d i f fe ren t ages have been given in Table 20 which 
shows t h a t Archaean era i s character ised by high 
contents of MgO, Ni, Cr, Co and low Al^O^. ^^rpt ^^n^ 
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corn-' T.rGd to Proterozoic and younger bas ic volcanics . 
From Proterozoic onwards, MgO^  Al-O^/ K 0^ and Na-O 
do not show any appreciable va r i a t ion . Ni, Gr and Go 
con-tents and the MgO/FeO r a t i o show a decrease/ while 
TiO„ shows an increase with the decreasing age (Naqvi^ 
1979). The overa l l composition of the bas ic and 
u l t r abas i c volcanics ind ica te t ha t Archaean era i s 
character ised by the predominance of l e s s evolved and 
less f ract ionated volcanics than the more evolved and 
fract ionated volcanics of post-Archaean e r a . The high 
ferromagnosium content of Archaean volcanics has been 
a t t r i bu t ed to the high leve ls of these elements in the 
Archaean-early Proterozoic protomantle (Naqvi and Hussain, 
197 3b; Naqvi e t a l . 1974 b; Divakara Rao e t a l . 1975; 
Naqvi, 1976 a, b, 1979). 
Viljoen and Viljoen (1969 a^b) have presented a 
convincing evidence for the existence of ul tramafic 
l i e ids in archaean err which were extruded as f lu id 
magmas and ca l led as p c r i d o t i t i c komat i i tes . Most of 
Lhe ultramafic rocks in India are considered by some 
s 
vrarkers to posses ,komatii t ic a f l i n i t y (Viswanathan, 1974 
a,b; Divakara Rao e t a l , 1975; Naqvi, 1976 a; Hussain e t 
a l , 1980). Rocks of i den t i ca l character are also found 
in d i f ferent /irchaean t e r r a in s of the world, such as 
Kapvaal craton of South Africa (Viljoen and Viljoen 1969 
a,b) Rhodesian croton (Bickle e t a l , 1976; Hawkesworth 
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and O'Nions 1977) in Superior Province (Brooks and Hart 
1972; PykG Gt a l . , 1973) Pi lbara and Yilgarn cr?^ tors in 
Western .Australia (Ncsbitt, 1971; Nesbit t and Sun, 1976). 
and in Finland ^Blais ec a l , 1977), 
The s tudies of Archeean/early Proterozoic and 
younger b<'^ sic volcanics of other shield areas also lorO 
to s imi lar conclusions that / -"Archaean bas ic volcanics 
are d i f fe ren t from the Protcrozoic and younger volcanics 
(/»nhaousser ut a l . 1969; Baragar and Goodwin^ 1969; 
Viljoen and Viljoen, 1969 a ,b; Condie and Barogar/ 1974; 
Glikson, 1976; Lowman J r . 1976; Shew, 1972, 1975; Naqvi, 
1976 a^b, 1979) . This could be due to differences in 
geothermal gradients , as the high temperature conditions 
of iirchaean era arc indicated by the existence of 
extensive u l t ramal ic magma as compared •> the l a t e r 
periods (Green, 1975) • 
s 
The K 0 concentration/of b a s a l t i c rocks has also 
bci-.n considered to be r e l a t ed to thickness and composition 
of the crus t in which they were emplaced (Condie e t a l . 
1969; Naqvi and Hussain, 1973 a; Naqyi e t a l . 1974 a , b ) . 
The low K„0 contents of Archaean metabasalts are a t t r i b u t e d 
to t h e i r emplacement in an oceanic type (thin) of c rus t 
(Goodv7in, 1968, 1971; Glikson, 1971, 1972; Shaw, 1972) 
whereas, the high K-0 values in continental t h o l e i i t e s are 
believi_d to be a product of contamination from a thick 
ion 
and more differentiated crust (Condie e± al, 1969; Naqvi 
et al. 1974 a,b). It shows that the composition of basic 
volcanics have changed as the greater stability of the 
crust was achieved. 
The above studies are based on the data from the 
rocks which vary in time and geographical distribution. 
The Dongargarh basic volcanics (Fitepani^ Sitagota and 
Mangikhuta) v;hosc agus differ considerably (but not 
spatial distribution) provide an excellent opportunity to 
study the problem of secular compositional variation 
in basic magmatism through time, As mentioned in 
proce/ding pages regarding the variation in the composition 
of the basic volcanics, the Dongargarh basic volcanics 
should have also shown decrease of ferromagnesium elements 
with the decr<^asing age. However contrary to this 
they exhibit a significant increase of MgO, Ni, Cr 
contents along with silica with their decreasing age 
(Fij, 25). 
Recently high HgO, Ni and Cr abundances have 
been reported in several modern basalts and andesitos 
by several workers (Shiraki and K-uroda, 1977; Kuroda ct al. 
1978; Kushiro and Sato, 1978; &ato, 1977, 1978; Shiraki, 
et al. 1978; Reid, 1979) (Table 18). They have 
suggested that these basic volcanics may bo the products 
of small degree of fractional crystallization of 
1.10 
5 
91 
49 
AljOj 
16 
)4 
12 
»0 
FeO 
12 
10 
MgO 
JP 
CaO 
' r ^ T 
Na20 ! K2O I T1O2 I P2O5 
15- , _ ^5 1^5 jQ.6 
01 
0 5 0 9 
0 4 
0 2 
l> S M 
a 
Ni 
" • " 
200 
— 
(50 T 
T 
too 
u. 
-
Co 
60 
- ^ 
T 
40 
29 
0 
T 
Cr 
300 
200 
100 
-
0 
Cu 
2 0 0 
190^ 
100 
90 
Rb 
60 
40 
^0 
0 
Sr 
2 0 0 
y 
200 
100 
0 
Pb 
4 0 
3 0 J 
• 
20 
10 
r" 
Zn 
150 
lOO" 
50 
0 
-|-
J» S M 
FIG 25 DIAGRAM SHOWING ELEMENTAL VARIATIONS OF THE 
OONGARGARH BASIC VOLCANISM WITH DECREASING AGE 
M «Mongikhuta basic volcanics (Upper) 
S «Sitaqota basic volcanics (Middle) 
p »Pitepom bosic volcomcs (Lower) 
I l l 
primitive magmas or have been derived from hydrous upper 
mantle pcridotite at relntively high temperature and 
pressure conditions. 
The experimental studies of Yodcr (1969)/ Kushiro 
(1970), Kushiro et al. (1972)^ Mysen and Kushiro (1974) 
and Mysen et al, (1974) also have suggested that under 
hydrous conditions silica rich (andesite) magma can be 
generated by the partial melting (20 %) of peridotite 
ab 25 kbs, pressure and about 80 km. depth, Kushiro 
(1973)/ and Mysen and Boettcher (1975) suggested that 
saturated to slightly over saturated basic magmas could 
have been generated in a hydrous upper mantle. Kushiro 
et al, (1972) have shown that at 20 "kbs, pressure under 
anhydrous conditions olivine tholeiitic magma is formed 
by partial melting (15 to 20 %) of Lherzolite at about 
60 km, depth. The Mg/Mg->Fe ratio and Cr content increase 
aiid Al and Ti content decrease in the magma with the 
mc-ease of temperature and degree of partial melting. 
Osborn (1959/ 196 2) has demonstrated that magnetite 
crystallization is probably controlled by the oxygen 
pressure of the magma and the high oxygen pressure would 
be favoured by high water content of the magma. Kuno 
(1965) shov/od that ^ crude corrcl-ition exists between 
Fe 0 /FeO and the rate of increase of FeO+Fe„0 with 
fractionation of the magma. 
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The differences in the composition of Dongargarh 
bpsic volc-nism i e . , the increase of SiO^/ MgO, Ni, Cr, 
Mg/Mg-j-Fe, Fo„0 /FoO and decrease of nl^Oy ^^^^2 "^"^ '^'^'^ 
from older to yoxinger basic volcanics (Table 19) ind ica te 
tha t the source of these volcanics has iindergone d i f ferent 
amount of p a r t i a l melting, d i f fe ren t ia t ion to var iab le 
degree, depths and physico-chemical condi t ions . The 
loMcr (Pirep^ni) bas ic volcanics vmich have got moderate 
major and t race elemental composition (Table 14) can be 
rola-ced to the lower degree of p a r t i a l melting of anhydrous 
jperidotite upper mantle. The progressive increase of ca lc -
a lka l i c rcndency in younger bas ic volcanics can be 
P re la ted to the increase of H^ O in mantle, which 
apparently has increased with time. The middle (Sitagota) 
and upper (Mangikhuta) basic volcanics arc r ich in 
s i l i c a and ferromagnesium major and t race elements as 
compared to lower (Pitcpani) bas ic volcanics (Table 19) 
may be rv-loted to the l a rger degree of p a r t i a l molting 
ot nydrous p e r i d o t i t e upper mantle a t r e l a t i v e l y grea ter 
doDths. 
The increase of ferromagnesi^im elements along 
with s i l i c a in the middle (Sitagota) and younger 
(Mangikhuta) bas ic volcanics as compared to lov/er 
volcanics may be re lntod to a common magmatic source in 
the upper mantle, which have undergone d i f fe ren t amount of 
p a r t i a l melting, d i f f e ren t i a t ion to var iab le degrees/ 
depths and physico-chemical condit ion. 
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ThG global s t u d i e s summarised e a r l i e r on the 
b a s i c / u l t r a b a s i c rocks show s e c u l a r composi t ional 
v a r i a t i o n from Archaean to p o s t Archaean e r a . The 
Archaean e ra i s c h a r a d e r i s c d by less /e volvcd and l e s s 
f r a c t i o n a t e d volcanism than t h e more evolved and 
i - rac t iona ted volcanism of post-Archaean ora^ vihich in 
tu rn i n d i c a t e t h a t the composit ion of the b a s i c 
volcanism has changed as t h e g r e a t e r s t a b i l i t y of the 
c r u s t WPS ach ieved . 
On the o t h e r hand the Dongargarh b a s i c v o l c a n i c s 
V7hich r^nge from 2.2 b . y , to 0.9 b . y . (Sarkar 1980) show 
an i n c r e a s e in ferromagncsium elements wi th <A-,ecreasing 
ing 
a g o ^ i g , 25) m d i c a t . t h a t a f t e r P r o t e r o z o i c onwards 
the b a s i c volcanism do no t show s e c u l a r composi t ional 
v a r i a t i o n with t ime; b u t t h e i r composi-^-^ ons a r e 
probably c o n t r o l l e d by the amount of p a r t i a l mel t ing 
v a r i a b l e degree of d i f f e r e n t i a t i o n depth and phys i co -
chemical cond i t i ons of the upper mantle s o u r c e . 
6,2 TECTONICS 
The P e n i n s u l a r Sh ie ld of Ind ia i s c h a r a c t e r i s e d 
by a number of i n t r a c r a t o n i c sedimentary b a s i n s (Cuddaprh. 
C h a t t i s g a r h , Kaladgi , Vindhyan e t c . ) o r i g i n a t e d as shallo\f 
oval o r semioval shaped depress ions wi th in the g r a n i t e / 
gne i s s t e r r a i n dur ing l a t e Arcliacan o r e a r l y P r o t c r o z o i c 
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(Pascoc, 1950; Sarkrar, 1957- 58; Krishja^n, 1968; 
Kailasam, 1976). Tho associat ion of Dongargarh bas ic 
volcanics with shallow water SGdimcnts ind ica te t ha t 
volcinism rnd scdimenta.,±on of Dongargarh system might 
have occurred in i n t r ac ra ton ic sedimentary bas in . 
The higher concentration of ferromagncsium 
elements spec ia l ly Ni and Cr in B i j l i r hyo l i t c s , a 
lower forraotion of Dongargarh system (Table 7) can not 
be explained i f they are r e l a t ed to the f rac t iona l 
c rys ta l l i s ' i t i on from b a s a l t i c or andes i t i c parent/ 
p a r t i a l melting of the c rus t o r metasomatic processes . 
The expv_rimcntal r e su l t s of Winkli-r and Von Platen 
summarised in Winkler (1967) for melting of na tura l 
grcywackt_s suggests tha t major and tr^ice elemental 
compositions s imi lar to those of B i j l i rhyo l i t e s could 
r e su l t by the p a r t i a l melting of greywackes. The wide 
r'-'^ nge, non-unifomnity and the high concentration of 
femmagnesium mojor and t race elements in the B i j l i 
rhyol i tes suggest mixing of tho material derived from 
V incus sources. This could r e s u l t by sedimentary 
i:)rocesses and thus i t can be a d i s t i n c t p o s s i b i l i t y tha t 
they are metasedimontary ra ther than igneous in or igin 
and probr'bly has formed by the melting of the sediments 
or anatexis . 
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I t SGGins tha t a f te r toctonic disturbances which 
resu l ted in the formation of i n t r ac r a ton i c basin the 
gneisses of Arncjaon Group which form the b'-^semcnt for the 
r^c^s of Dongargrrh system, underwent a rapid erosion 
and debris from i t was deposited in th i s basin in the 
form of greywackos and a r g i l l i t e s . The source erea of 
these sediments appear to contain considerable amount of 
b ? s i c / u l t r a b a s i c rocks which resul ted in the present 
high Mg, Cr, Co, and Ni content of the end product. 
Burial of t h i s debris to r e l a t i v e l y grea te r depths 
accompanied by sinking of the basin and increase in the 
temperature suf f ic ien t for anatexis appears to have 
produced r h y o l i t i c magma which erupted as rhyolitC/ 
ignimbri te , tuff and r h y o l i t i c agglomerates. 
Thu Dongargarh bas ic volcanics ^Pitopani, 
Si tagota and Mangikhuta) which have erupted in three 
d i f ferent times show an increase of SiO_/ MgO, Ni, Cr, 
Mg/Mg+Fe, Fe^OVFeO anu decrease of /il^O^, FcO and TiO„ 
from lower to younger basic volcanism (Table 19) , The 
parent source of thwse basic volcanics can bo re l a t ed 
-co a common magm- .^tic source in upper mantle which might 
have undergone di f ferent amount of p a r t i a l melting, 
d i f fe ren t i a t ion to var iable degrees under d i f ferent 
physico-chemical conditions and depths. The Dongargarh 
bas ic volcanics are t h o l e i i t i c in nature , t h e i r younger 
volcanics (Middle and upper) show s l i g h t calc a l k a l i c 
lU] 
tendency. The crLlc alkalino affinity of these volcanics 
p 
can be relPtcd to the increase of H O in mantle, which 
apparently has increased with time. 
Engel et al, (1965) suggested that tholeiites can 
be distinguished on the basis of K„0 content as oceanic 
tholeiites and continental tholeiites which are found in 
to be 
the respective environments. Ho considered K^O contcnty' 
less than 0.20 for the oceonic tholeiites and more than 
0.50 for the continental tholeiites. The K_0 content of 
Dongargarh basic volcanics (Pitepani = 0,86; Sitagota = 
0.87; and Mangikhuta = 1.21) indicate that they are 
continental tholeiites (Table 19). 
Chemistry of basaltic rocks has often been used 
to estimate the depth of magma genesis (Sugimura, 1968; 
Condie et al, 1969; Condio and Potts, 1969; Hart et al, 
1970; Naqvi and Hussain, 1973a; Naqvi et al, 1974a). 
The theta (0 ) values which are considered to be related 
to the depth of magma genesis of those volcanics vary from 
25 to 38 and averages at 35, 30 and 34 for Pitepani, 
Sitagota and Mangikhuta basic volcanics respectively 
(Table 19). The majority of the samples analysed from 
these volcanics have given theta values loss than 36, a 
characteristic of continental tholeiite (Condic ot al, 1969; 
Naqvi and Hussain, 1973 a; Naqvi et al. 1974 a). The theta 
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values ind ica te tha t those volcanics have been cmplaccd 
through e thick continental c rus t , which h?s been 
estimated a t the order of 34 - 40 k-ns (Hari Narain e t al^ 
1368). 
Pearce ot a l , (1975) have shov/n tha t te rnary 
p lo t of K^O~TiO„-P„0^ can ef fec t ive ly bo used to 
discriminate between the oceanic and non-oceanic 
(continental) b a s a l t s . Plots of the analysis of 
Dongargarh volcanics on the above diagram (Fig, 22) 
f a l l in the continental b a s a l t f i e l d . Pearce e t a l , v 
(1977) have also suggested tha t a ternary p lo t of 
MgO-FeO-Al„0_ i s more helpful in discr iminat ing 
between oceanic i s land b a s a l t , oceanic ridge and f loor 
basa l t , continent'^1 basa l t , spreading centre b a s a l t and 
ore genie b a s a l t s . Plot of the Dongarqdrh bas ic 
volcanics on the above dir^gram indica tes t h e i r 
continental noture (Fig, 23) . From the K_0 content, 
t>'eta values and the f i e lds of the p lo t in d i f fe ren t 
var ia t ion ciagrams i t i s suggested tha t the Dongargarh 
basic v o l c n i c s have errupted through a thick 
continental c rus t . 
The lowor basic volcanics (Pitepani) shov; pillow 
structure:- (Tripathi e t a l , 1976) and quench plagioclase 
texture as brought out in present studios (Chriptor I I I , 
p l a t e 6a) indi-catc t h e i r eruption in subaqueous 
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environment. The quench plngioclaso texture in basic 
volC'~'nicS/ i n d i c i t i v o of t h e i r eruption in subiqueous 
environment has also been reported from other regions by 
mon/ workers (Muir c t r i l . , 1966; Bryan, 1972; Yeats 
c t a l , 1973; Gelinas and Brooks, 1974) . In the irdddle 
and upp^r basic volcanics (Sitagota and Mangikhuta) 
pillow s t ruc tures or quench pl"cjioclasc tex tures have 
not been observed. 
Subsequent to the onTplacom'-nt of Dongarg3,rh 
gran i te , the basin appears to have become shallow and 
the Bortalao sandstones, an older psamaiatic member of 
Dongargarh system got deposited which shows current 
bedding and have a number of conglomerate bands. The 
conglomerate bands of Bortalao sandstones are mostly 
confined to che \ \estem side and the arKoses, shales 
pnd s i l t s t o n e members toward eastern s ide , v/hich 
indica te th-^t the approximate edge cif the basin was 
s i tua ted in the western p a r t of the study area and 
the basin was deep in the eastern s i de . 
The poor sort ing and immature nature of the 
sediments of Bortalao sandstones ind ica te l e s s t ranspor-
ta t ion of the sediments, t ec ton ica l ly ac t ive c rus t or 
unstable condition of the basin a t the time of t h e i r 
deposi t ion. Karutola sandstones a younger psammatic 
member of Dongargarh system which unconformably over l ie 
i i n 
the middle basic volconics (Sitcgota), ccur oast of 
iiig 
Bortalao sandstones roughly domonstrat,/ the receding 
western shoreline or edge of the previously existing 
basin. It is well sorted orthoquartzito with high 
degree of roundness of their grains which indicates 
stable condition of the crust and the basin at the 
time of its deposition. The Chandrapur sandstones of 
Chattisgarh basin unconformably overlie the rocks of 
is 
Donga.rgarh system which in turn .unconformably overlain 
by Raijjur limestones (in PascoC/ 1950; Sarkar, 1957- 58; 
Krishnan, 1968). 
from the above study it appears that the basin, 
in which rhyolitos and basic volcanics were extruded and 
psammatic members (Bortalao and Karutola sandstones) wore 
deposited/ probably hr^ s formed part of the present 
Chattisgarh basin, v/hich lies to its eastern side. 
The occurrence of rhyolite in the northeast and south of 
Chattisgarh basin (Sarknr,et al. 1967) further supports 
the above idea. Thus, it seems thrt the western margin 
of the earlier existing Chattisgarh basin appears to have 
extended almost upto the western border of Dongargarh 
system. The Chandrapur sandstones and Raipur limestones 
of present Chattisgarh basin arc not disturbed, whereas, 
the rock formations of Dongargarh system which probably 
formed the western part of the earlier Chattisgarh basin 
were affected by Nandgaon and Khairgarh orogenies 
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(Sarkar ct al, 1967; Sr.rk-r 1957- 58, 1972, 1980) 
associated V7ith the formation of igneous rocks of 
different episodes. 
The orthoquartzite-carbonate association of 
sediments suggest a platformal type of sedimentary 
depositional environment, Along with sedimentation/ 
e 
the basin appears to have deepend and receded towards 
east where, thick piles of sediments of Chattisgarh 
basin (Chandrapur sandstone and Raipur limestone) 
v/erc deposited. 
The correlation of the intracratonic basins 
(Cuddapah, Chattisgarh, Kaladgi, and Vindhyan) of 
Peninsulor India, as on today is somewh.'^ t arbitrary 
anc? is mainly based on lithologic consideration. At 
present it is to be assumed that the corresponding 
stages of basin development and sedimentation in the 
different parts of Peninsular India were more are less 
contemporaneous. Precise correlation of various basins 
must await until such time as the geology, tectonic and 
associated episodes of igneous activity are fally 
und^ -:rstood and sufficient geochronological data of 
their rock formations are available. 
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CliAPTER V I I 
SUMMARY AND CONCLUSIONS 
The D o n g a r g a r h s y s t e m ( 2 2 0 0 m . y , t o 900 r a . y . ) 
c o n s t i t u t e s a b e l t v /h ich i s a b o u t 130 kms i n l e n g t h 
j n d 90 Ivms i n v / i d t h s i t u a t e d e a s t o f S a k o l i s y n c l i n o r i u m 
( B h a n d a r a T r i a n g l e ) a n d w e s t o f C h a t t i s g a r h b a s i n i n 
C e n t r a l I n d i a . I t i s c h a r a c t e r i s e d b y t h e o c c u r r e n c e o f 
b a s i c v o l c a n i c s o f t h r e e d i f f e r e n t a g e s , A p a r t o f t h e 
a b o v e a r e a h a s b e e n mapped and r e p r e s e n t a t i v e s a m p l e s 
o f b a s i c v o l c a n i c s of t h r e e d i f f e r e n t a g e s a l o n g w i t h 
r h y o l i t e a n d g r a n i t e w e r e c o l l e c t e d f o r l a b o r a t o r y 
s t u d i e s . The s a l i e n t f e a t u r e s b r o u g h t o u t b y g e o l o g i c a l ^ 
p c t r o l o g i c a l a n d g e o c h c m i c a l s t u d i e s of t h e i g n e o u s 
r o c k s o f t h e D o n g a r g a r h s y s t e m a r e g i v e n b e l o w . 
The r o c k s o f D o n g a r g a r h sys t em, o v e r l i e u n c o n -
f o r m a b l y on t h e Amgaon g r o u p w h i c h o c c u r s a s i n l i e r s 
w i t h i n t h e r o c k s of D o n g a r g a r h s y s t e m . The s t u d i e d 
a r e a c o n s i s t s o f B i j l i r h y o l i t e , p o r p h y r i t i c m i c r o g r a n i t u , 
D o n g a r g a r h g r a n i t e * B o r t a l a o a n d K a r u t o l a s a n d s t o n e s 
a n d D o n g a r g a r h b a s i c v o l c a n i c s ( P i t e p a n i , S i t a g o t a a n d 
M a n g i k h u t a ) . The B i j l i r h y o l i t e o c c u r s a t v a r i o u s 
p l a c e s a n d c o n s i s t s o f r h y o l i t e s , i g n i m b r i t o s , t u f f s 
a n d r h y o l i t i c a g g l o m e r a t e s . P o r p h y r i t i c i i d c r o g r a n i t e 
o c c u r s a s p o d s w i t h i n t h e B i j l i r h y o l i t e a n d i s c o n f i n e d 
t o s o u t h w e s t e r n p a r t o f t h e a r e a , w h e r e a s , t h e 
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Dongargarh grani te i s confined to thooiorthGrn and 
eastern pa r t s of the area . Dongargarh grani te shows 
xcnoli ths of B i j l i rhyol i tes and basic volcanics almost 
in a l l i t s exposures. At places , i t shows sharp contact 
V7ith B i j l i rhyo l i t e and Pitepani bas ic volconics . 
Bortolao sandstones, an older psammatic member i s poorly 
sorted and mostly confined to the western p a r t of the 
area, whereas, the Karutola sandstones, a younger 
psammctic member, i s well sorted and confined towards 
cas t . Lower (Pitepani) and middle (Sitagota) bas ic 
volcanics show large ares l abundance and are generally 
porphyri t ic and ves icular in nature . Sometimes the 
phenocrysts a t t a i n lengths upto 2 cm and give blotchy 
appearance. On the other hand upper basic volcanics 
(Hangikhuta) have less areal abundance and are mostly 
devoid of phenocrysts and v e s i c l e s . 
The petrographic s tudies of B i j l i rhyol i te and 
poj-^hyritic microgranit- show considerable hererogenoity 
both in t h e i r tex tura l features and mineralogical compo-
s i t i o n . The rhyol i tes are composed of quartz, orthoclaso 
and a l b i t e phenocrysts, embedded in microcrys ta l l ine 
groundrnass of quartz and fe ldspars , Porphyri t ic micro-
gronite shows granophyric and myrmekitic texture and i s 
composed of quartz, orthoclasG/ microcline, a l b i t e , 
b i o t i t e , ch lo r i t e and hornblende. Dongargarh grani te 
shows hypidiomorphic granular texture and i s composed of 
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quartz, mj.crocline/ or thoclase , por th i t e / a l b i t e and 
ol igoclase fe ldspar . 
Tiie bas ic volcanics of the area are reprosontGci 
by three d i f fe ren t un i t s which reveal a close s imi l a r i t y 
in the mineral assemblage and tex tura l r e l a t ions vjith 
each o the r . The mineral composition of these volcanics 
are dominated by andesine/labradox'ite and augite/ which 
occur both as phonocrysts as well as groundmass. Chlor i te 
and epidote occur as a l t e r a t i o n products . Lower and 
middle bas ic volcanics contain more iron oxides compared 
to upper bas ic volcanics . Though these volcanics have 
been a l t e r ed to some extent/ the magmatic tex tures are 
s t i l l preserved. 
The chemical analyses of B i j l i rhyol i t es and 
porphyr i t ic microgranite show higher concentration of 
ferromagnisium elements (MgO, FeO, Ni, Co, Cr) as compared 
to s imi lar rocks. They a lso show wide va r ia t ion and non-
uniformity of t h e i r elemental d i s t r ibu t ion and t h e i r 
t race elemental composition i s not re f lec ted in t h e i r 
major elements. I t i s suggested t h a t B i j l i rhyo l i t es 
have formed by the p a r t i a l melting of the sediments l ike 
greywackes and a r g i l l i t e s . The poirphyritic microgranite 
may be a p a r t o fBi j l i rhyo l i t e and might have formed by 
the remelting of the B i j l i rhyol i t es by upv;elling 
Dongargarh g r a n i t i c magma a t a l a t e r per iod. Dongargarh 
gran i te i s adamellite in composition and shows uniformity 
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and less var ia t ion in i t s elemental d i s t r i b u t i o n . I t i s 
suggested tha t the Dongargarh grani te represents a 
separate phase of huge acid igneous a c t i v i t y and has 
formed by the p a r t i a l melting of the c rus t , 
Among Dongargarh bas ic volcanicS/ the lov/er 
(Pitepani) and middle (Sitagota) bas ic volcanics are 
mostly basal ts^ whereas^ the upper bas ic volcanics 
(Mangikhuta) arc basa l t i c~andes i t e s , Most of these 
volcanics have been subjected to var iable degree of a lka l i 
metasomatism. The elemental abundance and var ia t ion 
pa t te rn in the above volcanics suggest t h a t they are 
t h o l e i i t i c in nature and have erupted on a thick 
continental c r u s t . 
The major element composition of Dohgargarh bas ic 
volcanics are comparable to continental t h o l e i i t e s , but 
the t race element abundances in these basic volcanics 
vary and have a wide range. The lower basic volcanics 
(Pitepani) show moderate Ni and Gr contents comparable to 
continental t h o l e i i t e s , whereas^ the middle (Sitagota) 
and upper (Mangikhuta) bas ic volcanics are enriched in Ni 
and Cr and are comparable to oceanic/Archaean t h o l e i i t e s . 
The Dongargarh bas ic volcanics (Pi tepani , Si'tagota 
and Mangikhuta) can be r e l a t ed to a common magmatic 
source in the upper mantle, d i f fe ren t i a t ing to var iab le 
degrees under d i f fe ren t physico-chemical conditions and 
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depths o.s they show incrGase of MgO, SiO , Ni, Cr, 
Mg/Mg-f-Fe, Fe^Oo/FeO and decrease of AIJ:)^, FeO and TiO„ 
from older to younger basic vo lcan ics . The lov/er 
(Pitepani) bas ic volcanics which have moderate major 
and t race clement contents shov/ d i s t i n c t continental 
t h o l e i i t i c a f f i n i t y can be r e l a t ed to lower degree of 
p a r t i a l melting of anhydrous p e r i d o t i t e upper mantle*. 
The middle (Sitagota) and upper (Mangikhuta) bas ic 
volcanics are "i^iigln in s i l ica^ ferromagnesium njagittTr "and 
t race element contents as compared to lower (Pitepani) 
bas ic volcanics^ and can be re la ted to the l a rge r degree 
of p a r t i a l melting of hydrous p e r i d o t i t e upper mantle 
a t r e l a t i ve ly grea ter depths, 
A reference to the ex is t ing data on b a s i c / 
u l t r abas i c rocks show secular compositional var ia t ion 
from Archaean to Phanerozoic e ra . The Archaean era i s 
character ised by less evolved and l e s s f rac t ionated 
volcanism than the more evolved and more f ract ionated 
volcanism of post-Archaean era, which in turn ind ica te 
t ha t the composition of the basic volcanism have changed 
as the g rea te r s t a b i l i t y of the c rus t was achieved. On 
the other hand the study of Dongargarh bas ic volcanics/ 
which show increase of ferromagnesium elements (MgO, Ni, 
Cr) with the decreasing age of t h e i r volcanism, indica te 
t h a t a f te r JProtcrozoic onwards the bas ic volcanism do 
not show secular compositional va r i a t ion with t ime. 
i2n 
But, t h e i r compositions are probably control led by 
physico-chGinical condit ions, var iab le degrees of 
d i f f e r en t i r t i on , depth and the amount of p a r t i a l 
melting of the mantle source. 
Spat ia l re la t ionships and petrochemical ch.-^racter-
i s t i c s of rocks of Dongargarh system ind ica te t h e i r 
volcanism and sedimentation in i n t r ac ra ton ic sedimentary 
basin environment. A conparision of the geology of 
Dongargarh system and adjacent Chattisgarh basin 
sequences, suggest a s ingle in t r ac ra ton ic basin model 
for t h e i r deposi t ion. The B i j l i rhyol i te and lower 
(Pitepani) bas ic volcanics of Dongargarh system were 
extruded in a large bas in . The g ran i t i c a c t i v i t y of 
Dongargarh system probably, made t h i s basin shallow in 
the westeim s ide, as the psamm-'tic member (Bortalao 
sandstone) which i s mostly confined in the western side 
show r e l a t i v e l y poor sor t ing as compared to upper 
psammatic member (Karutola sandstone) which i s confined 
in the eastern s ide . The above study also ind ica tes 
t ha t the basin has probably receded towards the eastern 
side where the sediments of Chatt isgarh basin (Chandrapur 
sandstones and Raipur limestones) were deposited. 
The above inves t iga t ions presented in t h i s 
study are l imited to a p a r t of the Dongargarh system 
in which cer ta in important aspects of the rhyo l i t e . 
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grani tes emd be s ic volcanics have been inves t iga ted . 
More rigorous inves t iga t ions of the areas contiguous 
to the Dongargarh system, which however are beyond 
the scope of the present study, wi l l have to bo 
taken up to understand the tec tonic evolution of 
the Sakoli synclinoriiom coiamonly known as Bhandara 
Triangle and the associated orogenies. 
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T.iJLE 5 . PREClSIGi^J AND ACCURACY OF MAJOR AND MINOR ELEMENTS 
FROri REPLIC."-»TE ANALYSES OF BCR-.1 
S t -^n-
Wt% dp r d 
S i O ^ 
T iO^ 
'^l2°3 
^ ^ 2 ° 3 
F G O 
MgO 
CaO 
Na^O 
K2O 
^ 2 ° 5 
MnO 
^^ 2° 
TOTAL 
5 4 . 8 5 
2 . 2 2 
1 3 . 6 8 
3 . 4 8 
9 . 0 5 
3 , 4 9 
6 . 9 8 
3 . 2 9 
1 . 6 8 
0 . 3 3 
0 . 1 9 
0 . 7 3 
9 9 . 0 7 
1 
5 4 . 5 2 
2 . 1 0 
1 3 , 5 6 
3 . 1 8 
8 . 9 7 
3 . 5 0 
7 . 0 0 
3 . 2 0 
1 . 7 0 
0 . 3 1 
0 . 1 8 
0 . 8 5 
9 9 . 5 3 
2 
5 5 . 1 2 
2 . 3 2 
1 3 . 7 2 
3 . 2 3 
9 . 0 7 
3 . 3 3 
6 . 8 1 
3 . 2 5 
1 . 6 6 
0 . 3 2 
0 . 1 7 
0 . 5 3 
9 9 . 5 3 
3 
5 4 . 1 0 
2 . 0 5 
1 3 . 6 9 
3 . 6 0 
9 . 1 3 
3 . 4 1 
7 . 1 2 
3 . 1 9 
1 . 7 1 
0 . 3 0 
0 . 2 0 
0 . 7 1 
9 9 . 2 1 
4 
5 3 . 9 5 
2 . 3 7 
1 3 . 4 8 
3 . 5 0 
9 . 1 2 
3 . 5 3 
7 . 2 1 
3 , 4 1 
1 . 6 8 
0 . 3 3 
0 . 1 9 
0 . 6 9 
9 9 . 4 6 
5 
5 5 . 6 7 
2 . 2 2 
1 4 . 0 1 
3 . 7 0 
9 . 2 3 
3 . 2 8 
6 . 9 0 
3 . 3 3 
1 . 5 9 
0 . 3 5 
0 . 1 5 
0 . 7 7 
1 0 1 . 2 0 
A v g , 
5 4 . 6 7 
2 . 2 1 
1 3 . 6 9 
3 . 4 4 
9 . 1 0 
3 . 4 1 
7 . 0 1 
3 . 2 8 
1 , 6 7 
0 . 3 2 
0 . 1 8 
0 . 7 1 
9 9 . 7 9 
S . D . % 
error*-' 
0 . 7 2 
0 . 1 4 
0 . 2 0 
0 . 2 3 
0 . 0 9 
0 . 1 1 
0 . 1 6 
0 . 1 0 
0 . 0 5 
0 , 0 2 
0 , 0 2 
0 . 1 2 
0 . 8 0 
0 . 3 3 
0 . 4 5 
0 . 7 3 
1 . 1 5 
0 . 5 5 
2 . 2 9 
0 . 4 3 
0 . 3 0 
0 . 5 9 
3 . 0 3 
5 , 2 6 
2 . 7 4 
0 . 7 3 
A v g , = a v e r a g e ; S . D . = s t a n d a r d d e v i a t i o n 
* r e l a t i v e t o U . S . G . S . S t a n d a r d (BCR-1) . 
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T;ABLE 6 . DETAILS OF ANALYTIC/^L TECrlNIQUE, PRECISION ;>ND 
ACCURACY OF i-iTOMiC ABSORPTIOH SPECTROPHOTOMETER 
pprn 
Co 
Ni 
Cr 
Cu 
Pb 
S r 
Rb 
Zn 
Wave-
l o n g t h 
(nm) 
240i7 
232 .0 
357 ,9 
3 2 8 . 8 
217 .0 
4 5 0 , 7 
7 8 0 a 
213 .9 
S n o c -
t r a l 
bp.nd 
(nm) 
0 . 1 
0 . 1 
0 . 2 
0 . 2 
1.0 
0 . 2 
0 . 2 
0 . 5 
D e t e c -
t i o n 
l i m i t 
(ppm) 
1 
1 
1 
1 
1 
5 
1 
1 
S t a n -
d n r d 
(BCR-1) 
v o l u c 
38 
16 
18 
18 
18 
330 
47 
120 
Average 
of seven 
r e r j l i c a t c 
a n a l y s e s 
41 
17 
le 
20 
19 
540 
46 
122 
% 
error* 
+ 7,8 
+ 6.2 
-11.1 
+11.1 
+ 5.5 
+ 3.0 
- 2,1 
^ 1.6 
• ca lcula ted r e l a t i v e to standard value 
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T/iBLE 7 . I^L'iJOR, MINOR aND TR."iCE ELEMENT COKPOSITION OF 
B I J L I RHYOLITE 
SCxniplc 
(Wt%) 
S i O ^ 
T iO^ 
'•^^2°3 
FC2O3 
FcO 
MgO 
CaO 
Na^O 
K^O 
MnO 
^ 2 ° 5 
LOI 
TOTAL 
(ppm) 
Ni 
Co 
C r 
Cu 
Rb 
S r 
Pb 
Zn 
34 
1 
7 3 . 7 4 
T r 
1 1 . 5 4 
1 . 1 5 
1 . 5 0 
2 . 1 5 
0 . 9 9 
2 . 2 5 
5 . 3 5 
0 . 1 0 
0 . 0 7 
0 . 5 3 
9 9 . 3 7 
2 21 
22 
295 
73 
214 
52 
56 
65 
303 
2 
6 8 . 0 5 
0 . 2 5 
1 1 . 4 4 
1 . 4 3 
3 . 0 8 
3 . 5 6 
1 . 2 7 
3 . 0 1 
4 . 9 0 
0 . 1 6 
0 . 1 3 
0 . 8 3 
9 8 . 1 1 
1 9 2 
1 3 
344 
1 9 8 
129 
4 8 
15 
77 
283 
3 
7 2 . 7 8 
T r 
1 1 . 9 9 
0 . 5 7 
2 . 7 2 
2 . 0 5 
1 . 2 4 
2 . 3 3 
4 . 7 5 
0 . 2 3 
0 . 0 6 
1 . 0 4 
9 9 . 7 6 
1 1 1 
15 
1 4 2 
40 
149 
33 
52 
80 
239 
4 
7 2 . 3 1 
0 . 0 3 
1 1 . 3 0 
0 . 6 1 
2 . 8 6 
2 . 0 9 
1 . 1 6 
2 . 6 4 
4 . 9 5 
0 . 2 0 
0 , 0 5 
0 . 3 5 
9 9 . 5 5 
196 
16 
286 
33 
1 1 7 
33 
34 
89 
225 
5 
7 1 , 2 4 
T r 
1 3 . 4 2 
0 . 1 1 
2 . 8 0 
1 . 4 7 
1 . 4 6 
3 . 0 4 
4 . 8 5 
0 . 2 2 
0 . 0 4 
0 . 7 2 
9 9 u 3 7 
159 
1 8 
289 
38 
1 3 1 
30 
76 
57 
35 
6 
7 2 . 3 7 
Tr 
1 2 . 3 0 
0 . 6 1 
2 . 6 4 
2 . 1 9 
0 . 8 8 
3 . 7 7 
3 . 9 0 
0 . 1 0 
0 . 1 0 
0 . 3 6 
9 9 . 2 2 
-
-
~ 
-
-
-
-
-
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T;^BLE 7 . ( c o n t d . / ) 
Sample 
(wt%) 
SiO^ 
''h^3 
^ ^ 2 ° 3 
FoO 
MgO 
CaO 
Na^O 
K^O 
MnO 
^ 2 ° 5 
LOI 
2 4 1 
7 
7 1 . 8 5 
0 . 0 7 
1 0 . 7 4 
1 . 0 8 
1 . 3 2 
4 . 6 3 
1 . 1 1 
1 . 8 5 
5 . 2 0 
0 . 1 1 
0 . 1 2 
0 . 5 0 
284 
8 
6 7 . 8 8 
0 . 5 2 
1 1 . 7 7 
0 . 8 8 
2 . 0 8 
4 . 2 9 
2 . 0 5 
2 . 5 0 
5 . 2 0 
T r 
0 , 1 1 
.1 .12 
183 
9 
6 7 . 4 3 
0 . 4 6 
1 2 . 3 5 
0 . 6 5 
3 . 8 8 
4 . 5 3 
1 . 3 8 
2 . 6 1 
4 . 3 0 
0 . 3 0 
0 . 1 8 
1 . 4 6 
26 
10 
7 3 . 0 2 
0 . 2 0 
1 0 . 9 8 
0 . 1 7 
1 . 4 0 
3 . 7 4 
0 . 7 7 
1 . 4 0 
5 . 5 0 
0 . 2 7 
0 . 2 0 
0 , 7 0 
25 
1 1 
7 0 . 9 4 
0 . 1 9 
1 1 . 3 6 
1 . 3 1 
2 . 3 6 
3 . 5 8 
1 . 2 2 
2 . 3 2 
5 . 1 0 
0 . 1 7 
0 . 1 0 
'^  88 
a v e r a g e 
(1 - 11 ) 
7 1 . 0 5 
0 . 1 6 
1 1 . 7 4 
0 . 7 8 
2 . 4 2 
3 . 1 2 
1 . 2 3 
2 . 5 2 
4 . 9 0 
0 , 1 7 
0 . 1 1 
0 , 7 7 
TOTJ\L 9 8 . 5 8 9 8 . 4 0 9 9 , 5 3 9 8 , 3 5 9 9 , 5 3 9 8 . 9 8 
(ppm) 
Ni 1 7 5 
Co 16 
C r 2 7 1 
Cu 76 
Rb 148 
S r 39 
Pb 46 
Zn 7 3 
T r = t r a c e s ; LOI = l o s s on i g n i t i o n . 
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T;V3LS ' 7 A . C . I . P . W . NORMS aND R^vTIOS OF B I J L I RHYOLITES 
S a m p l e 34 303 283 239 2 : 3 35 
S I . N o , 1 2 3 4 5 6 
C . I . P . W . NORilS 
Q 
Or 
Ab 
An 
Co 
Di 
Ky 
Mt 
11 
K 0/Na^O 
K/Rb 
Rb/Sr 
33.96 
31.69 
18.86 
5.00 
0.20 
-
7.32 
1.86 
2.38 
207 
4.12 
22.56 
28.91 
25.68 
3.06 
-
2.69 
11.43 
2.55 
0.46 
1.63 
316 
2.69 
33.18 
28.36 
19.91 
6.12 
0.71 
-
9.19 
1.62 
R-'iTIOS 
2.04 
264 
4.52 
30.48 
29.47 
22.53 
4.17 
-
1.36 
8.89 
1.62 
1.88 -
351 
3.55 
27,4 2 
28.91 
25.67 
7.23 
-
-
8,32 
0.93 
1,60 
307 
4.37 
28.50 
22.80 
31.96 
4.45 
0.31 
-
9.72 
1.16 
1.03 
-
-
J 33 
TaBLE 7A. ( C o n t o . . , ) 
S a m p l e 241 284 1 8 3 26 25 AvGrago 
S I , r o , 7 8 9 10 11 (1 - 11) 
C . I . P . W . i^ 'ORi'lS 
Q 3 1 . 3 8 2 2 . 8 0 2 4 . 7 4 3 6 . 6 0 2 8 . 0 2 2 9 . 0 6 
Or 3 0 . 5 8 3 0 . 5 8 2 5 . 5 8 3 5 . 5 8 3 0 . 0 2 2 9 , 3 2 
Ab 1 5 . 7 2 2 0 . 9 6 2 2 . 0 0 7 . 8 5 1 9 . 3 9 2 0 . 9 6 
An 5 . 2 8 5 . 5 6 6 . 9 5 3 . 8 9 5 , 5 6 5 . 2 1 
Co 0 . 1 0 - 0 . 8 2 1 . 5 3 - 0 , 3 3 
Di - 3 . 7 7 - - 0 . 4 6 0 . 7 5 
Hy 1 2 . 9 5 1 1 . 1 5 1 6 . 5 8 1 0 . 8 3 1 1 . 5 4 1 0 . 7 2 
Mt 1 . 6 2 1 , 3 9 1 . 8 6 1 . 1 6 2 . 3 2 1 .64 
I I - 1 , 0 6 0 . 9 1 0 . 4 6 0 . 3 0 0 . 2 9 
Ap - - 0 . 3 3 0 . 3 4 " 0 . 0 6 
R.iTIOS 
K^O/Na^^O 2 . 8 1 2 . 0 8 l , u 5 3 . 9 3 2 . 2 0 2 . 1 1 
K/Rb 289 
jy^/Sr 3 .85 
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T;»BLE C. AVERAGE CHEi-'ilGAL COMPOSITION OF BIJLI RHYOLITE 
COI'lPaRED WiTxl RHYOLITES AND OTHER ROCKS FROM 
DIFFERENT AREAS 
(>'It%) 
S i 0 2 
TiO^ 
*.1^0^_ 
Fe^O^^ 
FcO 
MqO 
CeiO 
Na^O 
K^O 
MnO 
^ 2 ° 5 
1 
7 1 . 0 5 
0 . 1 6 
1 1 . 7 4 
0 . 7 8 
2 . 4 2 
3 . 1 2 
1..2 3 
2 . 5 2 
4 , 9 0 
0 . 1 7 
0 . 1 1 
2 
7 1 . 3 5 
0 . 3 1 
1 5 . 0 2 
0 . 2 4 
1 . 7 2 
1 . 1 1 
0 . 2 6 
6 . 4 8 
2 . 3 7 
0 . 0 2 
0 . 0 8 
3 
7 2 . 2£ 
0 . 3 0 
1 2 . 4 9 
0 , 7 3 
2 . 4 9 
0 . 1 4 
0 . 7 2 
3 . 9 3 
4 . 8 3 
0 . 0 7 
0 . 0 6 
4 
7 0 . 4 9 
0 . 4 1 
1 4 . 8 3 
1 . 4 0 
1 . 1 6 
0 . 9 7 
2 . 5 0 
3 . 3 4 
4 . 8 2 
0 . 0 4 
0 . 0 9 
5 
7 2 . 5 9 
0 . 5 7 
1 3 . 5 4 
1 . 2 0 
1 . 1 2 
0 . 5 6 
1 . 1 2 
5 . 7 0 
2 . 2 7 
0 . 0 3 
0 . 1 6 
6 
5 6 . 2 0 
0 . 5 2 
1 0 . 0 2 
* 
7 . 0 1 
4 . 5 0 
1 . 9 7 
1 . 8 0 
1 . 5 8 
-
-
7 
7 0 . 5 0 
0 . 5 0 
1 1 . 8 0 
2 . 0 0 
3 . 7 0 
2 . 9 0 
2 . 0 0 
3 . 3 0 
1 . 4 0 
-
-
8 
7 3 . 6 6 
0 . 2 2 
1 3 . 4 5 
1 . 2 5 
0 . 7 5 
0 m ^ Z 
1.13 
2 .99 
5 .35 
0 . 0 3 
0 .07 
(pnm) 
Ni 
Co 
C r 
Cu 
Rb 
S r 
Pb 
Zn 
K% 
K/Na 
R b / S r 
K/Rb 
1 7 5 
16 
2 7 1 
76 
1 4 8 
39 
46 
73 
4 .07 
2 . 1 8 
3 .85 
289 
16 
1 8 
20 
24 
251 
9 2 . 6 , 
-
40 
1.97 
0 . 4 1 
0 .26 
804 
1 
3 
4 
187 
112 
30 
67 
4 
1 
1 
2 
. 0 1 
. 3 7 
. 6 7 
14 
9 
3 
18 
19 
218 
246 
30 
33 
'•c a 
1 . 
0 . 
,00 
, 6 1 
,89 
183 
1 
2 
8 
14 
53 
128 
45 
1 . 
0 , 
0 . 
35 
.88 
,44 
41 
i 4 
290 
54 
98 
1.31 
0 . 9 8 
0 .55 
243 
1.16 
0 ,47 
4 . 41 
1.99 
* = t o t a l i r on as FeO; 
L e v e r a g e of (11) B i j l i r h y o l l t e s ; 2 . a l b i t e r h y o l i t o porphyry 
(Glikson 1976); 3 . Pavagarh r h y o l i t e (Alexander 1980a); 
4 . Average of (3) Poirphyr i t ic r h y o l i r e (Reid 1979); 5 . Rhyo l i t e 
(Cliikhaoui e t a l . 1978); 6 . average of (15) Greyv/ackes of 
Sheba formation (Condie e t a l . 1970); 7 . Average of (6) meta-
greywackes from Kaigoodie a rea ( c i ik son 197Jd)|f;. 8 . Average of 
(22) c a l c - a l k a l i r h y o l i t e (Nockolds 1954) . 
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T : » 3 L E 9 . MAJOR -^  MINOR AND TRACE ELEiIENT Cot>lpOSITION OF 
PORPPIYRITIC MICROGRAHITE 
S-TiVplc 
(wt%) 
S i O ^ 
TiO^ 
M 2 O 3 
^ ^ 2 ° 3 
F G O 
MgO 
CaO 
Na^O 
'^ 2° 
MnO 
^ 2 ^ 5 
LOI 
204 
1 
6 9 . 5 1 
0 . 0 8 
1 2 . 4 2 
1 . 7 7 
2 . 8 0 
1 . 9 1 
1 . 6 3 
2 . 8 8 
4 . 3 0 
0 . 1 6 
0 . 1 0 
1 . 0 4 
175 
2 
6 6 . 9 8 
0 . 3 2 
1 1 , 4 8 
1 , 6 8 
2 . 9 6 
3 . 2 8 
2 . 0 5 
1 . 8 9 
5 . 3 0 
0 . 1 0 
0 . 0 9 
1 . 6 2 
305 
3 
7 1 . 1 1 
0 . 3 1 
1 1 . 4 8 
1 . 2 9 
2 . 6 2 
2 . 6 2 
1 , 6 3 
2 . 8 8 
4 . 4 0 
0 . 2 2 
0 . 0 7 
0 . 9 3 
216 
4 
6 9 . 0 7 
0 , 5 1 
1 1 . 2 3 
0 . 7 5 
3 . 2 4 
3 . 8 3 
1 . 9 4 
2 . 1 0 
5 . 0 0 
0 . 1 9 
0 , 1 0 
1 . 5 5 
205 
5 
6 9 . 5 2 
0 . 7 9 
1 0 . 8 0 
2 . 1 3 
2 . 8 8 
3 . 5 0 
1 , 4 4 
2 , 7 6 
4 , 9 0 
0 . 0 2 
0 , 1 9 
0 . 8 4 
174 
6 
6 8 . 2 4 
0 . 6 6 
1 2 . 6 0 
1 . 4 6 
2 , 5 6 
3 , 6 2 
1 , 1 1 
2 . 7 2 
5 , 5 5 
0 . 0 4 
0 . 1 0 
0 . 6 8 
A v e r a g e 
( 1 - 6 ) 
6 9 . 0 7 
0 , 4 5 
1 1 . 6 7 
a. • 3U. 
2 . 8 4 
3 , 1 3 
1 . 6 3 
2 . 5 4 
4 , 9 1 
0 . 1 2 
0 , 1 1 
1 . 1 1 
TOTAL 9 8 , 6 0 9 7 . 7 5 9 9 . 5 6 9 9 , 5 1 9 9 . 7 7 9 9 , 3 4 9 9 , 0 9 
79 
18 
99 
93 
162 
92 
43 
71 
(ppm) 
Ni 
Co 
C r 
Cu 
Rb 
S r 
Pb 
Zn 
50 
17 
50 
23 
142 
100 
50 
72 
114 
19 
1 5 8 
1 8 3 
204 
71 
28 
66 
73 
19 
89 
75 
140 
1 0 5 
53 
77 
LOI = loss on ignition. 
J3G 
TABLE 9A. C . I . P . W . NORMS^ WOD/iL C0:1P0SITI0N .-kND R.'iTlOS OF 
PORPh'YRI TIC HI CROGRc^NI TE . 
S a m p l e 
S I . N o . 
204 
1 
175 
2 
305 
3 
216 
4 
205 
5 
174 
6 
/ i v e r a g e 
( 1 - 6 ) 
C . I . i - . W . NORI'lS 
Q 
O r 
Ab 
An 
Ac 
Di 
Hy 
Mt 
I I 
2 4 . 4 0 
2 5 . 4 3 
3 0 . 8 4 
4 . 7 6 
-
2 . 7 3 
7 , 2 3 
1 . 2 6 
_ 
2 2 . 4 4 
3 1 . 4 4 
2 1 . 4 8 
4 . 1 7 
-
4 . 7 0 
9 . 5 0 
2 . 3 2 
0 . 6 1 
2 5 . 4 0 
2 6 . 0 2 
3 0 , 8 4 
1 , 9 0 
~ 
5 , 0 4 
7 . 7 0 
1 . 8 7 
^ 
2 2 . 7 4 
2 9 . 4 9 
2 4 . 6 2 
2 . 7 8 
-
5 . 5 9 
1 1 . 0 0 
1 . 8 6 
0 . 9 2 
2 1 . 4 2 
2 8 . 9 1 
2 8 . 2 9 
~ 
3 . 2 3 
5 . 9 2 
9 . 1 1 
1 . 3 9 
1 . 5 2 
1 7 . 2 8 
3 2 . 8 0 
3 1 . 4 4 
1 . 3 9 
-
3 . 3 4 
1 0 . 0 1 
2 . 0 9 
1 . 2 2 
2 2 . 2 8 
2 9 . 0 2 
2 7 . 9 2 
2 , 5 0 
0 . 5 4 
4 . 5 5 
9 . 0 9 
1 . 8 0 
0 . 7 1 
MODAL COx^IPOSITION 
Q u a r t z 
A l k a l i 
f e l c l c o a r 
+ P e r t a i t e 
P l a g i o c l a s e 
M a f i c s 
O p a q u e s 
K ^ O / N T , , 0 
K/Rb 
R b / S r 
2 6 . 5 0 
5 3 . 7 8 
8 . 2 5 
9 . 3 3 
2 . 1 4 
1 .49 
251 
1 . 4 2 
2 4 . 2 8 
5 5 . 9 4 
7 . 9 2 
1 0 . 5 2 
1 . 3 3 
2 . 8 0 
216 
2 . 8 7 
2 8 . 9 2 
5 2 . 2 3 
9 . 2 0 
8 . 1 5 
1 . 5 0 
2 6 . 4 2 
5 1 , 9 8 
8 . 2 0 
1 1 . 5 3 
1 . 8 7 
RATIOS 
1 . 5 3 
261 
1 . 3 3 
2 . 3 8 
2 7 . 1 2 
4 9 . 7 3 
7 . 5 1 
1 3 . 8 1 
1 . 7 9 
1.^,3 
2 7 . 6 0 
5 0 . 1 0 
9 . 0 0 
1 1 . 7 0 
1 . 6 4 
2 . 0 4 
2 6 . 8 1 
5 2 . 3 0 
8 . 3 5 
1 0 . 8 4 
1 . 7 1 
2 . 0 0 
243 
1 . 8 7 
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T-'iBLE 1 0 . .»VER.iGE ChSMICiL COMPOSITION OF PORPPYRITIC 
nlCROGRTu^ITL COi^iPaRED WITH OTHER PORt i r fRlTIC 
GR.". vITSS FROiI DIFFERENT I> "-'iS 
(Wt%) 
S.O2 
T iO^ 
F e 0 , 
FeO 
CaO 
Na^O 
MriO 
^ 2 ° 5 
6 9 , 0 7 
O.'-IS 
1 1 . 6 7 
1 . 5 1 
2 .C4 
3 . 1 3 
1 . 5 3 
2 . 5 4 
4 . 9 1 
0 . 1 2 
0 . 1 1 
6 8 . 5 3 
0 . 8 5 
1 4 . 1 8 
1 . 0 8 
2 . 9 3 
0 . 9 8 
2 . 4 7 
2 .6G 
4 . 4 0 
0 . 0 5 
0 . 5 4 
3 
7 1 . 5 0 
0 . 3 6 
1 4 . 2 2 
0 . 8 5 
2 . 0 0 
0 . 6 1 
1 . 7 5 
2 . 5 6 
5 . 4 7 
0 . 0 3 
0 . 1 6 
4 
7 3 . 5 4 
0 . 1 8 
1 3 . 6 8 
0 . 4 9 
1 . 3 7 
0 . 4 5 
0 . 6 5 
2 . 8 7 
5 . 8 3 
0 . 0 4 
0 . 1 7 
5 
7 3 . 7 6 
0 . 1 7 
1 2 . 8 9 
0 . 6 7 
1 . 1 1 
0 . 4 3 
0 . 6 3 
3 . 0 0 
5 , 2 4 
0 . 0 4 
0 . 1 7 
(ppra) 
Rb 162 4 5 5 355 339 321 
S r 92 160 140 66 53 
K% 4 . 0 8 3 . 6 5 4 . 5 4 4 . 8 3 4 , 3 5 
K/Ha 2 . 1 7 1 . 8 0 2 . 3 9 2 , 2 7 1 . 9 5 
R b / S r 1 .76 2 . 0 4 2 . 5 3 5 . 1 4 6 . 0 6 
H/Rb 243 80 1 2 8 14 2 135 
1 . A v e r a g e o f (6) P o r p h y r i t i c m i c r o g r a n i t e f r o m t h e 
s t u d y a r e a ; 2 a n d 3 P o r p n y r l t i c g r a n i t e ( R o b e r t s o n 1 9 7 3 ) ; 
4 a n d 5 P o n p n y r i t i c g r a n i t e ( G e n t l e 1 9 7 7 ) . 
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T-iBLE 1 1 . H ' i JOR, MIMOR /\WD TR.iCE ELZiitCHT COMPOSITION OF 
DONGiiRGaRH GR^iHITE 
S a m p l e 
S i O ^ 
T i O , 
M,0^ 
FeO 
MgO 
CaO 
Na^O 
K^O 
MnO 
^ 9 ° S 
LOI 
293 
1 
7 1 . 9 0 
T r 
1 2 . 7 7 
1 .19 
1 . 7 4 
2 . 4 9 
1 . 4 1 
3 . 8 0 
0 . 1 9 
0 . 0 3 
0 . 1 6 
294 
2 
7 2 . 1 6 
0 . 0 6 
1 1 . 6 2 
1 . 3 1 
2 . 0 8 
2 . 0 8 
1 .14 
3 . 4 7 
4 . 3 0 
0 . 2 1 
0 . 0 3 
0 . 6 7 
295 
3 
7 2 , 7 2 
T r 
1 2 . 0 5 
0 . 2 2 
2 . 2 8 
2 . 4 1 
1 , 6 3 
3 . 3 9 
4 . 1 0 
0 . 3 2 
T r 
0 . 4 2 
298 
4 
7 2 . 6 5 
T r 
1 2 . 2 1 
0 . 3 6 
1 . 9 2 
3 , 1 0 
1 .14 
3 . 6 4 
3 . 7 0 
0 . 2 5 
0 . 0 4 
0 . 2 2 
A v e r a g e 
( 1 - 4 ) 
7 2 . 3 6 
0 . 0 2 
1 2 . 2 1 
0 . 7 7 
2 . 0 1 
2 . 5 2 
1 .33 
3 . 5 1 
3 . 9 8 
0 , 2 4 
0 , 0 3 
0 . 3 7 
T O T H L 9 9 . 2 3 9 9 . 3 3 9 9 . 5 4 9 9 , 2 3 9 9 . 3 4 
( p p n ) 
Ni 
Co 
Cr 
Cu 
Rb 
Sr 
Pb 
Zn 
104 
20 
1 4 4 
70 
104 
52 
4 1 
89 
1 1 8 
1 3 
1 6 1 
1 6 5 
141 
31 
15 
86 
64 
2 2 
1 1 4 
53 
136 
33 
49 
10 2 
66 
16 
1 0 5 
50 
130 
57 
33 
79 
88 
1 8 
1 3 1 
84 
127 
43 
34 
89 
T r = t r a c e s ; LOI =- l o s s on i g n i t i o n . 
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T7iBLE l l A . C . I . P . V 7 . NORMS, M C D : , L COflPOSITION .^ND R a T I O S 
OF DONG.'.RG.'iRH GRJiNITE 
SaiTiple 2 9 3 
1 
29 4 
2 
29 5 
3 
29 C 
4 
. " a v e r a g e 
( 1 - 4 ) 
C . I . P . W . I.^ ORI^ iS 
Q 
O r 
Ab 
An 
Co 
Ac 
D i 
Hy 
Mt 
24 .07 
22 .47 
38 .03 
3 . 3 8 
-
-
2.90 
7 . 3 8 
1.72 
23 .19 
25 ,43 
36 .75 
5 .65 
5 .07 
0 , 3 8 
-
8,45 
1.70 
2 4 . 20 
24 .25 
36 .34 
1 ,43 
-
-
5 .45 
8 .11 
„ 
23 .35 
2 1 . 8 3 
38.87 
1.70 
-
-
3.18 
7 .89 • 
0 . 52 
23 .83 
23 .51 
37 .50 
3 ,04 
1.27 
0 ,10 
2 .88 
7 .96 
0 ,99 
i^DDaL COl^lPOSITION 
Q u a r t s 
Al i^a l i 
f e l d r r j a r 
H- p e r t " l i t e 
P l a g i o c l a s e 
Mafics 
Opaques 
37 .40 
32 ,80 
2 4 , 6 1 
4 .20 
0 . 9 5 
38 ,86 
34 .56 
22 ,87 
3 .10 
0 ,59 
3 9 , 2 1 
33,29 
23 ,82 
2 ,21 
1.44 
38 .57 
3 2 . 7 8 
-
24 .87 
3 .22 
0 .54 
38 .51 
33 .36 
24.04 
3 .18 
0 . 8 8 
RATIOS 
K^O/Na^O 
K/Rb 
Rb/Sr 
1.07 
303 
2.00 
1,24 
253 
4 . 5 5 
1.29 
250 
4 , 1 2 
1 .02 
236 
2 , 2 8 
1.16 
260 
3.24 
140 
T.u^LE 1 2 . AVJJ<^\GE C1IEH1C;»L COMPOSITION OF DONGnRG.vRH 
GR."iNTrE (.iD;iivlELL./rii) COiiP:kRED WIIK .jDalMELLITEo 
OF OTHER ; iRE. iS„ 
{VJc%) 
3 : 0 ^ 
T i O , 
^^2S 
F s 0 2 3 
FeO 
yiqo 
CaO 
Na^O 
K^O 
MnO 
P^O-
O S 
(i-n->m) 
1 
72 .3G 
0 . 0 2 
1 2 . 2 J 
0 . 7 7 
2 . 0 1 
2 . 5 2 
1 .33 
3 . 5 1 
3 . 9 S 
0 . 2 d 
0 . 0 3 
2 
7 0 . 0 9 
0 . 2 0 
1 2 . 9 7 
0 . 8 0 
1 . 8 1 
3 . 5 8 
2 . 2 2 
'1 .36 
4 . 2 7 
CIC 
0 . 1 2 
3 
7 4 . 8 0 
0 . 2 0 
1 5 . 5 0 
0 . 4 0 
0 . 6 0 
1 . 4 0 
o.yo 
4 . 2 0 
3 . 8 0 
0 . 1 0 
0 . 1 0 
4 
5 9 . 1 5 
0 . 5 6 
1'2.63 
1 . 2 2 
2 . 2 7 
0 . 9 9 
2 . 4 5 
3 . 3 5 
4 . 5 8 
0 . 0 6 
0 . 2 0 
5 
7 2 . 0 4 
0 . 2 8 
1 4 . 7 1 
1 . 2 2 
1 . 0 7 
0 . 5 8 
1 . 1 6 
3 . 7 0 
5 . 0 2 
0 . 0 4 
0 . 2 1 
6 
7 7 . 0 2 
0 . 0 7 
1 2 . 6 9 
0 . 6 4 
0 . 2 9 
0 . 2 1 
0 . 4 1 
3 . 9 8 
5 . 1 1 
0 , 0 2 
0 . 0 3 
n 
Co 
C r 
RJo 
S r 
k% 
K/iJa 
K/Rb 
R D / S r 
88 
1 8 
131 
127 
-•'3 
3 . 3 0 
1 . 2 7 
2 6 1 
3 . 2 ' . 
11 
^ 5 
17 
179 
-.b3 
3 . 5 1 
1 . 1 0 
198 
O.'IO 
10 
-
-
-
4 2 
3 . 1 5 
1 . 0 1 
-
-
-
-
-
-
-
3 . 8 0 
1 . 5 3 
-
-
-
™ 
-
225 
122 
4 . 1 7 
1 . 5 2 
185 
1 .84 
-
-
-
322 
27 
4 . 2 4 
1 . 4 3 
1 3 2 
1 1 . 9 2 
1, fiverage of (4) Dongargarh g r a n i t e ; 2. Adaraell i te (MJD~ 
GST-1'GRI, 1977); 3 . Adamel l i te (Saha, 1979); 4 . Average of 
(121) a d a n e l l i t e (Nockolds and Al len , 1954); 5 and 6 . 
S l i g h t l y p o r p h y r i t i c microadamelli t e (Gent le , 1977) . 
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nicfior.RHNiTC nm or,NG»RC«nH GRANTTE. 
vtX 
SlOj 
TtOj 
* 1 , 0 3 
r . j O , 
r«o 
MQB 
C«0 
N j^O 
*jO 
HhO 
^°5 
L.O.I. 
BiaLI RHYOI.ITES 
Rang* 
67 ,43 
Tr 
10.74 
X).I1 
1.32 
1.47 
0 .77 
1.40 
3.90 
Tr 
0.04 
0.35 
(r 
-
-
-
-
-
-
-
-
-
-
-
•. 
. - n) 
73.74 
D.57 
13.47 
1.43 
3.88 
4 .63 
2.05 
3.77 
5.SO 
0.30 
0 .20 
1.46 
Avarag* 
71.05 
0,16 
11.74 
0 .78 
2.42 
3.12 
1.23 
2.52 
4.90 
0.17 
0 .11 
0.77 
PPRPHYRITIC niCRUGRHNITE 
Rangs (n " 6) Average 
66.98 
0 .08 
10.80 
0.75 
2.56 
1.91 
1.11 
1.89 
4.30 
0 .02 
0 .07 
0 .68 
-
-
-
-
-
-
-
-
-
-
-
-
71-Jl 
0 .79 
12.60 
7.13 
3.24 
3 .83 
2.05 
2.88 
5.55 
0.22 
0 .19 
1.5S 
69.07 
0.45 
11.67 
1.51 
2.84 
3 .13 
1.63 
2.54 
4 .91 
0 .12 
0.11 
1.11 
OONGARGARH GRANITI 
Ranga (n » 4 ) 
71.90 -
Tr 
11.82 -
0 .22 -
1.74 -
2 .08 -
4 
1.14 -
3 .39 -
3.70 -
0 .19 -
Tr -
0 .16 -
72.12 
0,06 
12.77 
1.31 
2.2B 
3.10 • 
1 .63 
3.64 
4.30 
0 .32 
0 .04 
0 .67 
Avaraga 
72.38 
0 .02 
12.21 
0.77 
2.01 
2.S2 
1.33 
3.51 
3.9S 
0 .24 
0 . 0 3 
0 .37 
(PP».) 
Nl 
Co 
Ct 
Cu 
nb 
9r 
1% 
Zn 
111 -
1 3 -
142 -
35 -
117 -
30 -
18 -
S7 -
221 
22 
344 
19« 
214 
52 
76 
89 
176 
16 
271 
76 
148 
39 
4tf 
73 
50 - 114 
17 - 19 
50 - 158 
25 - 1B3 
.40 - 204 
71 - 105 
28 - 53 
66 - 77 
79 
IB 
99 
93 
162 
92 
43 
71 
64 -
1 3 -
lOS -
50 -
104 -
31 -
15 -
79 -
IIB 
22 
161 
165 
141 
57 
49 
102 
88 
18 
131 
84 
127 
43 
34 
»9 
n m nuabar of aaaplaa analyaadt L.O.I <• loaa on ignit ion} Tr > traoaa. 
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T.nBLE 1 1 . lUiJOR, i^u.^ OR A1\D TR^iCE ELEMENT COMPOSITION OF 
PITEPaWI B a s i c VOi^GTiNICS 
S a m p l o 
(wt%) • 
S i O ^ 
T i O . 
a l . o ^ 
^ ^ 2 ° 3 
FeO 
MgO 
CaO 
Na^O 
S^° 
i^ InO 
^2°^ 
LOI 
P22 
1 
4 8 . 7 0 
0 , 7 8 
1 4 . 3 4 
2 . 0 8 
9 . 3 2 
3 . 8 1 
1 3 , 3 3 
2 . 4 8 
T r 
0 , 2 3 
0 . 1 1 
2 . 9 4 
P7 
2 
5 3 . 2 3 
0 , 9 3 
1 5 . 3 7 
2 . 1 1 
7 . 5 2 
4 . 3 7 
8 , 9 3 
2 . 7 5 
2 . 0 0 
0 , 1 8 
0 . 0 6 
1 . 1 3 
P I 4 
3 
5 1 . 3 9 
0 . 8 4 
1 5 . 8 7 
1 . 6 5 
9 . 4 4 
6 . 2 2 
9 . 1 3 
2 , 5 5 
0 . 6 0 
0 . 1 0 
0 . 1 3 
1 . 9 2 
P I 3 
4 
5 1 . 7 2 
0 . 8 4 
1 5 . 8 2 
2 . 3 4 
9 . 2 0 
4 . 5 4 
8 , 2 5 
2 , 4 1 
0 , 5 4 
0 , 2 3 
0 , 1 4 
2 . 3 4 
P I 5 
5 
5 2 . 4 0 
0 . 9 4 
1 5 . o 8 
1 . 4 6 
9 , 7 6 
2 . 9 6 
1 0 . 0 6 
2 , 2 9 
0 . 7 2 
0 , 1 8 
0 , 0 6 
2 . 5 1 
P9 
6 
5 1 . 8 9 
1 . 1 6 
1 5 . 9 4 
1 . 2 4 
1 0 . 0 4 
- i . 3 7 
8 . 9 3 
2 . 6 8 
0 . 7 8 
0 . 1 0 
0 . 1 0 
2 . 3 2 
P l l 
7 
5 1 . 3 8 
1 , 0 8 
1 5 , 6 0 
0 . 8 9 
1 0 , 5 6 
4 , 3 3 
9 . 0 4 
2 , 1 4 
0 . 7 2 
0 , 2 1 
0 . 3 4 
2 . 1 0 
TOTAL 9 8 . 1 2 9 8 . 5 8 9 9 . 8 4 9 8 . 3 7 9 8 . 9 2 9 9 , 5 5 9 8 . 3 9 
FeO*' 1 1 . 1 9 9 , 4 2 1 0 . 8 9 1 1 , 3 1 1 1 , 0 7 1 1 , 1 6 1 1 , 3 6 
(ppm) 
Ni 
Co 
C r 
Cu 
Rb 
S r 
Pb 
Zn 
1 4 1 
54 
153 
115 
15 
262 
43 
125 
114 
52 
100 
88 
24 
300 
4 1 
125 
128 
63 
122 
243 
30 
294 
13 
109 
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TaBLE 14 ( c o n t d . , ) 
S a m p l e 
(V7t°/o) 
S i O ^ 
TiO^ 
'"^l2°3 
^^^2°3 
FeO 
MgO 
CaO 
Na^O 
K^O 
MnO 
^ 2 ^ 
LOI 
TOTaL 
* 
Avg. 
(1 -7) 
S I . 5 3 
0 . 9 4 
1 5 . 5 0 
1 . 6 8 
9 , 4 1 
4 . 3 7 
9 . 6 7 
2 . 4 7 
0 . 7 7 
0 . 1 8 
0 . 1 3 
2 . 1 8 
9 8 , 8 3 
P 8 
8 
5 2 . 3 0 
0 . 5 4 
1 4 . 7 5 
1 . 5 1 
C , 9 2 
5 . 5 8 
8 . 1 4 
4 . 0 2 
0 . 5 4 
0 . 2 0 
0 . 1 0 
1 . 8 3 
9 8 , 4 3 
P2 
9 
4 7 . 1 7 
1 . 6 5 
1 5 . 2 2 
1 , 3 0 
1 0 . 8 8 
6 . 7 3 
9 . 3 8 
2 . 0 1 
1 . 3 8 
0 , 2 5 
0 . 1 3 
2 . 2 8 
9 8 , 3 8 
P 4 3 
10 
4 7 . 6 8 
1 . 1 6 
1 3 , 7 3 
1 , 9 9 
9 , 8 0 
8 . 9 1 
8 , 2 2 
2 . 5 2 
1 , 3 5 
0 , 2 6 
0 . 6 4 
2 . 9 5 
9 9 . 2 1 
A v g , 
( 8 - 1 0 ) 
4 9 . 0 5 
1 . 1 2 
1 4 . 5 7 
1 , 6 0 
9 , 8 7 
7 . 0 7 
8 . 5 8 
2 . 8 5 
1 . 0 9 
0 . 2 4 
0 , 2 9 
2 . 3 5 
9 8 , 6 7 
T o t B l Jwg 
( 1 - 1 0 ) 
5 0 . 7 9 
0 . 9 9 
1 5 . 2 2 
1 . 6 6 
9 . 5 4 
5 . 1 8 
9 . 3 4 
2 . 5 9 
0 . 8 6 
0 . 1 9 
0 . 1 8 
2 , 2 3 
9 8 , 7 8 
FeO 1 0 , 9 1 1 0 . 2 8 12 ,05 1 1 , 5 9 1 1 , 3 1 1 1 . 0 3 
(ppm) 
Ni 
Co 
C r 
Cu 
Rb 
S r 
Pb 
2 n 
128 
56 
125 
149 
26 
285 
32 
120 
130 
4 1 
107 
198 
17 
278 
13 
86 
103 
67 
155 
213 
64 
167 
13 
100 
116 
52 
105 
73 
26 
352 
42 
123 
116 
53 
122 
a.61 
36 
^66 
23 
10 3 
122 
55 
124 
155 
31 
276 
28 
1 1 1 
Tr = t r a c e s ; LOI = l o s s on i g n i t i o n ; * = T o t a l i r o n a s FeO 
(1-7) = q u a r t z n o r m a t i v e ; ( 8 - l 0 ) = o l i v i n e n o r m a t i v e . 
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T ; » 3 L E 14A. C . I . P . W . WORPIS allD RATIOS OF P I T E P / U I BASIC 
VOLGilJICS 
S a m p l e 
S I . N o . 
Q 
Or 
hh 
hn 
Di 
b y 
0 1 
Mt 
11 
Ap 
F e ^ O V ^ e O 
FeO/'^gO 
Mg/iMg+Fe 
R b / S r 
K/Rb 
S . I . 
e (The t - i ) 
P22 
1 
1 . 9 0 
-
2 0 . 9 6 
2 8 . 0 8 
3 1 . 2 4 
8 . 1 3 
3 , 0 2 
1 . 5 2 
0 . 3 4 
0 . 2 2 
2 . 9 6 
0 . 2 1 
2 1 . 5 6 
3 5 . 3 2 
P7 
2 
3 . 0 6 
1 2 . 7 9 
2 3 . 0 6 
2 3 . 3 5 
1 7 . 2 2 
1 3 . 2 0 
3 . 0 2 
1 . 8 2 
-
0 . 2 8 
2 , 1 6 
0 . 2 6 
2 3 , 1 0 
3 2 , 2 6 
P I 4 
3 
C . I . i : ^ . 
2 . 3 4 
3 . 3 3 
2 1 . 4 8 
3 0 . 3 0 
1 1 . 6 9 
2 4 . 4 8 
2 . 3 2 
1 . 6 7 
0 . 3 4 
P3 
4 
w . .\fOR i^ 
7 . 1 4 
3 , 3 3 
2 0 . 4 4 
3 0 , 5 8 
7 , 8 5 
2 1 . 3 8 
3 . 4 8 
1 , 6 7 
0 , 3 3 
Ri'iTIOS 
0 . 1 7 
1 , 7 5 
0 . 3 1 
0 . 0 6 
333 
3 0 . 4 0 
3 7 . 0 6 
0 . 2 5 
2 . 4 9 
0 . 2 4 
2 3 , 8 5 
3 8 , 2 3 
P I 5 
5 
S 
7 . 2 0 
4 . 4 5 
1 9 . 3 8 
3 0 , 0 2 
1 G . 9 6 
1 4 . 3 7 
2 . 0 8 
1 . 8 2 
-
0 . 1 5 
3 , 7 4 
0 . 1 7 
0 , 0 8 
250 
1 7 , 2 1 
3 8 , 8 5 
P9 
6 
4 . 1 4 
4 , 4 5 
2 2 , 5 3 
2 9 , 1 9 
1 2 . 5 6 
2 0 . 0 5 
1 . 9 0 
2 , 2 8 
-
0 , 1 2 
2 , 5 5 
0 . 2 3 
2 2 . 8 6 
3 6 . 4 2 
P l l 
7 
5 . 7 0 
4 . 4 5 
1 8 , 3 4 
3 0 , 5 8 
1 0 , 5 2 
2 2 . 6 6 
1 , 3 9 
2 . 1 3 
0 . 6 7 
0 , 0 8 
2 , 6 2 
0 . 2 3 
0 , 1 3 
1 5 8 
2 3 , 2 2 
3 8 , 4 4 
TABLE 14A. (contd.,) 
145 
S a m p l e 
Q 
Or 
Ab 
hn 
Di 
Hy 
0 1 
M.-t 
1 1 
Ap 
F e ^ O ^ / F e O 
FeO/MgO 
Mg/Mq-j-Fe 
R b / S r 
K/Rb 
S . I . 
e ( T h e t ^ ) 
a v g . 
( 1 - 7 ) 
4 . 5 0 
4 . 6 8 
2 0 . 8 8 
2 3 . 8 7 
1 5 . 4 4 
1 7 . 7 6 
~ 
2 . 4 6 
1 , 8 4 
0 . 2 4 
0 . 1 8 
2 . 6 1 
0 . 2 4 
0 , 0 9 
247 
2 3 . 1 7 
3 6 , 6 5 
P8 
8 
C . 
-
3 . 3 4 
3 4 . 0 6 
2 0 . 5 7 
1 5 , 6 5 
1 6 . 0 8 
3 , 5 8 
2 . 0 8 
1 . 0 6 
0 . 3 0 
0 . 1 7 
1 . 8 4 
0 . 3 0 
0 , 0 6 
265 
2 7 , 1 3 
2 9 , 8 0 
P2 
9 
I , P . W . 
-
8 . 3 4 
1 6 , 7 7 
2 8 , 3 6 
1 4 , 4 7 
1 3 . 3 0 
9 . 5 2 
1 , 8 6 
3 . 1 9 
0 . 3 4 
P 4 0 3 
10 
i-JORMS 
-
7 . 9 8 
2 4 . 0 8 
2 0 . 6 4 
1 3 . 3 7 
6 . 1 7 
1 7 ^ 3 
2 . 8 8 
2 , 2 0 
-
R/iTIOS 
0 . 1 2 
1 , 7 9 
0 . 3 0 
0 . 3 8 
180 
3 0 , 1 7 
3 2 , 3 7 
0 , 2 0 
1 . 3 0 
0 , 3 7 
0 . 0 7 
430 
3 6 . 2 6 
2 8 . 5 3 
A v g , 
( 8 - 1 0 ) 
*•>* 
6 , 5 5 
2 4 , 9 7 
2 3 , 1 9 
1 4 . 5 0 
1 1 , 8 5 
1 0 , 3 1 
2 , 2 7 
2 . 1 5 
0 . 2 1 
0 . 1 6 
1 . 6 4 
0 . 3 2 
0 . 1 7 
29 2 
3 1 , 1 9 
3 0 , 2 3 
T o t a l avQ . 
( 1 - 1 0 ) 
0 . 1 8 
2 . 3 2 
0 . 2 6 
0 . 1 3 
269 
2 5 . 5 8 
3 4 . 7 3 
S.I^ssolidificaticQ index; 8 (Theta)= Theta values 
(1-7) = quartz normative; (3-10) = olivine normative 
* = total iron as FeO. 
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TACLE 1 5 . ;.>/ERaGE C-'EMlC'iL COMPOSITION OP PlTEP;»j^II alTD 
SIT;»OOT.i BJiSIC VOLCTxAtlCS COi'C?;iRED WITH BriS.'iLTS 
OF OTHER ;iRE;iS. 
( . t%) 
3±C 
TiO^ 
FeO 
xMqO 
CaO 
Ka^O 
K^O 
IlnO 
P 0 2 5 
(pprr-) 
1-Ii 
Co 
C r 
Cu 
1 
5 0 . 7 9 
0 . 9 9 
15.22 
1.66 
9 .54 
5 .13 
9 . 3 8 
2.59 
0 .86 
0 .19 
0 . 1 8 
122 
55 
124 
155 
2 
5 1 , 3 8 
0 . 8 1 
13 .33 
2 .40 
8 .47 
7 .74 
8 ,26 
3.OS 
0 .87 
0 . 2 0 
0 . 4 5 
1 5 3 
50 
287 
178 
3 
51 .90 
1 .01 
14.10 
2 .30 
8 .90 
7 .10 
10.30 
2 .30 
0 .14 
0 . 1 8 
-
150 
54 
407 
4 1 
A 
4 9 , 9 3 
1.49 
17.04 
1.99 
6 .82 
7 .19 
11 .72 
2 .73 
O.IG 
0 .17 
0 .16 
97 
32 
297 
77 
5 
51 .40 
0 . 6 9 
14 .85 
1.26 
8 ,55 
6 . 3 6 
12 .16 
2 .19 
0 , 5 1 
0 . 1 4 
0 . 5 3 
124 
66 
290 
6 8 
6 
47 ,84 
1.39 
12.22 
3.90 
8 ,30 
12 .68 
5 ,42 
2 , 3 1 
1.07 
0 . 2 8 
0 . 5 3 
7 
5 1 . 6 8 
0 . 8 5 
14 .35 
3 .93 
9 , 1 2 
8 ,20 
8 ,90 
2 .45 
0 .80 
0 . 2 0 
0 , 2 0 
8 
49 .19 
2 ,52 
14 .44 
5 .22 
7 . 7 1 
6 .74 
8 .55 
2 ,67 
1 ,18 
0 .14 
0 .39 
92 
51 
L52 
75 
1.^ ."iVGrcige of (lO) P i t e p a n i b a s i c v o l c a n i c s ; 2 , r-iverago 
of (24)*'-*basic v o l c a n i c s ; 3 , / ive raye of (13) m e t a b a s a l t s 
from C o o l g a r d i e ( / i r chaoan : G l i k s o n 1 9 7 1 ) ; 4 , i^verago of 
oce-^.nLC t h o l e i i t e ( T e r t i a r y : Engcl e t a l . 1 9 6 5 ) ; 5 , r^verage 
of (45) Dharwar m e t a v o l c a n i c s (2 .4 b . y . , Naqvi and H u s s a i n 
1 9 7 3 a , b ) ; 6 . D o l e r i t e s and b a s a l b s from Cuddapah b a s i n , 
In t l i - ' (S inha and Flao 19G8) ; 7 . Q u a r t z d o l c r i t e i S from 
Cuddapah b a s i n , I n d i a (Somayajulu and S i n g h a l 1 9 6 8 ) ; 8 . 
Average of Deccan b a s a l t s from P a v a g a r h ( g r e t a c e o u s : S i n h a 
and T i w a r i , 1 9 6 4 ) . 
* b i t a g o t a 
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T.'iBLE 16 o M'iJOR, MIITOR aND TRaCE ELEMENT COMPOSITION OF 
SITAGO.T^ BhSlC VOLC/iNICS 
Sa rap le 
(Wt%) 
S i O ^ 
TiO^ 
^'-^^2^ 
^ ^ 2 ^ 
FeO 
MgO 
CaO 
Na^O 
K^O 
MnO 
^ °^S 
LOI 
S4 
1 
5 2 . 0 4 
0 . 5 8 
1 4 . 0 0 
2 . 2 6 
7 . 8 4 
8 . 2 6 
8 . 1 8 
3 . 2 5 
0 . 4 5 
0 . 1 3 
0 . 6 3 
1 . 7 8 
S191 
2 
5 2 . 4 1 
0 . 5 8 
1 2 . 8 5 
2 . 4 5 
7 . 9 2 
0 . 9 3 
3 . 5 3 
2 . 6 0 
0 . 5 0 
0 . 1 8 
0 . 5 1 
2 . 4 2 
S 4 8 
3 
4 9 . 0 4 
0 . 9 2 
1 5 . 0 8 
3 . 2 5 
8 . 9 2 
6 . 6 3 
8 . 4 4 
2 . 9 0 
0 . 3 5 
0 . 2 3 
0 . 2 4 
3 . 2 9 
S57 
4 
5 1 . 4 4 
0 . 9 1 
1 3 . 9 5 
2 . 6 1 
9 . 2 4 
5 . 8 6 
7 . 9 3 
3 . 0 0 
0 . 0 5 
0 . 2 0 
0 . 7 8 
3 . 9 0 
S66 
5 
5 2 . 1 9 
0 . 6 6 
1 4 . 0 0 
2 . 6 6 
8 . 1 2 
6 . 3 1 
9 . 7 3 
2 , 8 5 
0 . 8 0 
0 . 2 0 
0 . 6 5 
2 . 5 0 
S76 
6 
5 1 . 6 6 
0 . 8 8 
1 4 . 0 5 
2 . 8 0 
9 . 2 4 
5 . 3 0 
9 . 1 3 
3 . 0 0 
0 . 3 0 
0 . 1 7 
0 . 6 2 
2 . 7 5 
S 1 5 3 
7 
5 2 . 0 9 
0 . 6 4 
1 1 . 1 7 
1 .32 
8 . 6 0 
8 . 6 8 
8 . 8 0 
2 . 7 4 
0 , 6 0 
0 . 2 6 
0 . 4 1 
2 . 9 5 
S 1 4 2 
8 
5 2 . 0 9 
0 . 4 1 
1 4 . 4 8 
0 . 6 1 
8.6G 
5 . 2 2 
1 0 . 3 7 
2 . 9 5 
0 . 8 5 
0 . 1 8 
0 . 0 4 
2 . 5 2 
TOTAL 9 9 . 4 0 9 9 . 8 8 9 9 . 2 9 9 9 . 8 7 1 0 0 . 6 7 9 9 . 9 0 9 8 . 2 6 9 8 * 3 8 
FeO 9 , 8 7 1 0 . 1 3 1 1 . 8 5 1 1 . 5 9 1 0 . 5 1 1 ^ , 7 6 9 . 7 9 . 2 1 
(ppm) 
Ni 
Co 
C r 
Cu 
Rb 
S r 
Pb 
Zn 
199 
''6 
571 
130 
23 
186 
36 
9 1 
213 
40 
776 
163 
14 
176 
29 
94 
180 
51 
29 2 
160 
10 
110 
39 
1 0 8 
183 
54 
224 
216 
T r 
7 1 
1 3 
1 0 8 
1 9 8 
59 
260 
280 
6 
270 
19 
92 
14H 
Ti'iBLE 1 6 . ( c o n t d . ) 
S a m p l e 
(Wt%) 
S i O ^ 
TiO^ 
'"'^2'=^3 
^ " 2 ° 3 
FeO 
MgO 
CaO 
Na^O 
K^O 
MiiO 
^ 2 ° 5 
LOI 
TOT:-iL 
* 
FeO 
S 2 5 3 
9 
5 1 . 2 4 
1 . 3 0 
1 4 . 1 7 
3 . 1 3 
8 . 1 6 
4 . 1 1 
8 . 4 4 
4 . 0 0 
0 . 8 5 
0 . 2 5 
0 . 4 4 
2 . 3 3 
9 8 . 4 2 
1 0 , 9 8 
S 1 6 8 
10 
5 4 . 0 3 
0 . 9 6 
1 1 . 5 7 
2 . 9 6 
8 . 3 6 
7 . 4 1 
5 , 6 8 
4 . 1 5 
1 . 5 0 
0 . 2 0 
0 . 4 7 
1 . 5 8 
9 8 . 8 7 
1 1 . 0 2 
S 1 7 6 
1 1 
5 3 . 8 9 
0 . 6 3 
1 2 . 2 3 
2 . 2 4 
8 . 6 4 
9 . 0 7 
6 . 4 6 
2 . 2 5 
1 . 5 0 
0 . 2 0 
0 . 6 3 
1 . 8 3 
9 9 . 5 7 
1 0 . 6 6 
S180 
1 2 
5 4 . 6 1 
0 . 8 3 
1 1 . 0 5 
3 . 1 9 
8 . 2 4 
6 . 9 1 
5 . 6 8 
4 , 6 5 
1 . 5 0 
0 . 1 6 
0 . 5 4 
1 . 8 8 
9 9 . 2 4 
1 1 . 1 1 
S I 
1 3 
5 2 . 7 4 
0 , 6 0 
1 3 . 1 8 
2 . 4 3 
7 , 9 6 
8 . 2 6 
8 . 1 8 
3 . 4 5 
0 . 6 0 
0 . 1 7 
0 . 2 0 
1 . 8 0 
9 9 . 5 7 
1 0 . 1 5 
S3 
14 
5 2 . 1 3 
0 , 5 4 
1 3 . 7 3 
2 . 6 4 
7 , 8 8 
8 , 2 9 
8 . 1 0 
3 , 5 0 
0 . 6 0 
0 . 1 3 
0 . 3 7 
1 , 7 5 
9 9 . 6 6 
3 0 . 2 6 
S195 
15 
5 0 , 0 9 
0 . 5 3 
1 2 , 6 2 
1 . 6 5 
7 . 8 0 
1 1 , 0 0 
1 0 , 6 2 
1 , 9 4 
0 . 6 5 
0 . 2 8 
0 , 3 6 
2 . 2 1 
9 9 . 7 5 
9 . 2 9 
(ppm) 
Ni 
Co 
C r 
Cu 
Rb 
S r 
Pb 
Zn 
J 49 
TABLE 1 6 . ( c o n t d . , ) 
Sample 
(Wt%) 
S i O , 
TiO^ 
7.1203 
^ ^ 2 ° 3 
FeO 
MgO 
CaO 
Na 0 
S^° 
b'inO 
^ 2 ° S 
LOI 
TOTAL 
* 
'SI 28 
16 
b 0 , 4 7 
0 . 8 6 
1 4 . 9 0 
2 . 6 0 
9 . 6 4 
6 . 3 9 
6 . 8 0 
3 . 5 0 
0 . 8 0 
0 . 1 7 
0 . 2 8 
2 . 9 9 
9 9 . 4 0 
S I 3 2 
17 
5 0 . 8 1 
0 . 7 6 
1 4 . 4 2 
2 . 7 9 
9 . 7 2 
6 . 5 3 
7 . 5 8 
3 . 7 5 
0 , 4 0 
0 . 1 7 
0 . 4 2 
2 . 3 7 
9 9 . 7 2 
S 7 8 
1 8 
4 6 . 2 7 
0 . 9 3 
1 2 . 5 8 
2 . 0 6 
9 . 4 0 
1 0 . 1 4 
1 1 . 5 6 
2 . 2 5 
0 . 1 0 
0 . 1 7 
0 . 5 0 
3 . 6 5 
9 9 . 6 1 
S143 
19 
5 9 . 4 2 
0 . 8 8 
1 2 . 5 1 
1 . 9 9 
8 . 3 6 
9 . 9 3 
9 . 4 7 
2 . 5 6 
0 . 1 0 
0 . 2 4 
0 . 5 9 
3 . 6 0 
9 9 . 6 5 
S144 
20 
5 1 , 4 0 
0 . 8 5 
1 2 , 8 0 
2 . 3 4 
7 . 5 6 
9 . 0 3 
7 . 9 1 
3 . 4 7 
1 . 3 5 
0 . 1 8 
0 , 5 7 
1 . 8 0 
9 9 . 2 6 
S270 
21 
5 0 . 7 5 
0 . 8 9 
1 3 . 2 5 
2 . 2 5 
7 . 8 4 
8 . 9 9 
8 . 0 2 
2 . 9 1 
1 , 5 5 
0 . 1 9 
0 , 4 7 
2 . 4 2 
9 9 , 5 3 
S 2 7 1 
22 
5 1 . 7 2 
1 . 1 3 
1 2 . 7 7 
2 . 4 6 
8 . 3 4 
9 . 1 5 
7 . 6 0 
3 . 0 4 
1 . 4 0 
0 . 2 3 
0 . 1 4 
1 . 8 7 
9 9 . 8 5 
FeO 1 1 . 9 8 1 2 . 2 3 1 1 . 2 5 1 0 . 1 5 .19 .67 9 . 8 7 1 0 . 5 5 
(ppm) 
Ni 
Co 
C r 
Cu 
Rb 
S r 
Pb 
Zn 
180 
51 
> ^ /-J 
170 
19 
1 4 8 
36 
1 4 5 
135 
58 
360 
287 
T r 
182 
15 
74 
1 0 2 
47 
58 
1 3 8 
34 
410 
39 
91 
100 
45 
100 
170 
57 
595 
40 
1 0 3 
1[30 
T.^ BLE 1 6 . ( C o n t d . , ) 
Sa^nple 
(wt%) 
S i O ^ 
T iO^ 
hl^p^ 
FeO 
MgO 
CaO 
Na 0 
K^O 
I'inO 
^ 2 ° 5 
LOI 
TOTaL 
FeO 
S230 
23 
4 8 . 7 6 
1 . 1 9 
1 4 . 5 0 
2 . 6 5 
9 . 2 8 
7 . 8 8 
8 . 2 8 
1 . 7 6 
2 . 0 0 
0 . 2 3 
0 . 3 7 
2 . 6 6 
9 9 . 5 6 
1 1 . 6 7 
S256 
24 
5 1 . 7 6 
0 . 9 2 
1 4 . 1 3 
2 . 2 7 
7 . 5 2 
7 . 4 5 
G.77 
3 . 0 4 
2 . 0 5 
0 . 2 6 
0 . 4 7 
2 , 7 8 
9 9 . 4 2 
9 . 5 6 
( 1 - 1 2 ) 
5 2 , 2 3 
0 . 7 8 
1 3 . 2 2 
2 . 4 5 
8 . 5 0 
6 . 8 9 
8 . 1 1 
3 . 2 0 
0 . 7 7 
0 . 2 0 
0 . 5 0 
2 . 4 8 
9 9 . 3 4 
1 0 . 7 1 
hvg. 
( 1 3 - 2 4 ) 
5 0 . 5 - " 
0 . 8 4 
1 3 . 4 5 
2 . 3 4 
8 . 4 4 
8 . 5 9 
0 . 4 1 
2 . 9 3 
0 . 9 7 
0 . 2 0 
0 . 4 0 
2 . 4 9 
9 9 . 5 9 
1 0 . 5 5 
T o t a l A v g , 
( 1 - 2 4 ) 
5 1 . 3 8 
0 . 8 1 
1 3 . 3 3 
2 . 4 0 
0 . 4 7 
7 . 7 4 
8 . 2 6 
3 . 0 6 
0 . 8 7 
0 . 2 0 
0 . 4 5 
2 . 4 8 
9 9 . 4 5 
1 0 . 6 3 
(ppm) 
Ni 
Co 
C r 
CM 
Rb 
S r 
Pb 
Zn 
132 
52 
89 
93 
44 
505 
40 
119 
58 
4 3 
140 
149 
59 
341 
15 
9 1 
195 
50 
4 25 
190 
11 
1 6 3 
27 
99 
1 1 8 
49 
1 7 3 
1 6 8 
36 
364 
31 
52 
1 5 3 
50 
287 
1 7 8 
24 
272 
29 
1 0 1 
LOI = loss on ign i t ion ; * = Total iron as FeO; Tr = t r aces ; 
(1-12) = quartz normative; (13-24) = o l iv ine normative. 
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r;»BLj3 1 6 A . C . I * P . W . ITORMS aliD R^iTIOS OF SITiiQOT/i B/jSjC 
V0LG"-u'IG3 
S a m p l e S4 S 1 9 1 S 4 8 S57 S66 S76 S 1 5 3 S 1 4 2 
S I . N o . 1 2 3 4 5 6 7 0 
J 
C, - I .P . ; /< NORiviS 
Q 1*04 3 . 3 8 1 . 1 1 5 , 2 1 3 . 1 0 4*86 0^2*7 QijO 
O r 2 , 6 6 2 , 9 5 2 . 0 7 - 4 . 7 3 1 « 7 7 3^^4 5»00 
Ab 2 7 , 6 6 2 1 . 9 7 24*50 2 5 . 3 5 2 4 , 0 8 25*35 2 e # l 9 2 5 . 1 5 
An 2 2 . 2 5 2 1 . 8 8 2 7 . 0 6 2 4 , 5 6 2 3 . 0 1 23«95 14#'^6 24..x.: 
D i 1 1 . 8 8 1 4 . 1 4 1 2 . 1 5 8 , 4 2 1 7 , 5 8 1 4 , 6 6 2 1 , 6 0 2 2 . 3 5 
Hy 2 6 , 4 2 27<34 2 3 . 1 9 2 4 , 1 4 1 9 , 1 2 1 9 . 9 7 2 5 , 2 6 1 6 . 3 8 
0 1 
Mt 3 , 2 7 3 , 5 5 4 , 1 7 3 . 7 8 3 . 8 5 4 * 0 5 1^91 1 . 3 2 
I I 1»10 1 . 1 0 1»74 1 , 7 2 1 . 2 5 1 , 6 7 i » 2 1 0 . 7 6 
Ap 1»49 1^20 - 1 , 3 2 1 , 8 4 1 , 4 6 Oj 
RATIOS 
F e ^ O ^ / F e O 
FeO^MgO 
Mg/l-lg+i'e 
R b / S r 
K,'Rb 
S . I . 
e ( T h e t a ) 
0 . 2 9 
1 . 1 9 
0 . 3 9 
0 . 1 2 
161 
3 7 . 8 4 
3 2 . 4 9 
0 , 3 1 
1 . 1 3 
0 . 4 0 
0 . 0 8 
300 
4 0 . 3 0 
3 4 . 8 8 
0 . 3 6 
1 . 7 8 
0 . 3 0 
0 . 0 9 
290 
3 0 . 5 1 
3 3 . 6 5 
0 . 2 8 
1 . 9 7 
0 . 2 0 
«w 
-
2 8 . 5 9 
3 4 . 6 3 
0 , 3 3 
1 . 6 6 
0 . 3 2 
-
-
3 0 . 8 ? 
3 3 . 3 2 
0,?30 
2 , 2 1 
0 . 2 6 
0 . 0 2 
4 1 7 
2 6 . 0 3 
3 4 , 2 9 
04'5 
l t l 2 
0 . 4 1 
f 
f 
39.^80 
3d,»7'4 
0 . 0 7 
1 . 7 5 
0 , 3 0 
-
-
2 3 . 6 3 
3 3 . 8 7 
o 2 
TaBLE Ibli, ( c o n t d , , ) 
S a n p l e 
S I , M o . 
Q 
Or 
^ b 
An 
Di 
Hy 
0 1 
Mt 
1 1 
Ap 
Mg/Mr'-+j; e 
R b / S r 
K/Rb 
S . I . 
e (Theta) 
S253 
9 
1 . 0 1 
5 . 0 2 
3 3 . 8 0 
1 9 . 6 1 
1 6 . 3 0 
1 2 . 8 0 
-
4 . 5 3 
2 , 4 7 
1 , 0 4 
0 . 3 8 
2 . 6 7 
0 . 2 2 
2 0 . 6 1 
2 6 , 2 2 
S 1 6 8 
10 
0 . 4 4 
8 . 8 7 
3 5 , 0 7 
8 . 4 8 
1 3 . 7 9 
2 3 . 4 7 
-
4 . 2 9 
1 . 8 2 
1 . 4 9 
0 , 3 5 
1 . 4 8 
0 . 3 4 
3 0 , 7 7 
1 9 , 5 1 
S176 
1 1 
C . I . P 
4 . 8 3 
9 . 3 7 
1 9 . 0 1 
1 8 . 8 0 
7 . 7 6 
3 2 , 2 2 
-
3 , 2 4 
1 , 1 9 
1 . 3 9 
S180 
12 
S I 
13 
.W. JORMS 
0 . 1 0 
8 , 9 0 
3 9 . 3 0 
4 , 7 3 
1 6 . 3 2 
2 0 . 4 2 
-
4 . 6 4 
1 . 5 2 
1 , 3 4 
R.'iTIOS 
0 . 2 5 
1 , 1 7 
0 . 4 0 
3 8 , 6 3 
3 3 . 1 3 
0 . 3 9 
1 . 6 1 
0 , 3 2 
2 8 . 2 2 
1 5 . 1 5 
-
3 ..54 
2 9 . 1 5 
1 8 . 6 7 
1 7 . 8 0 
2 3 . 2 0 
0 , 5 0 
3 . 5 2 
1 . 1 4 
-
0 . 3 1 
1 . 2 2 
0 . 3 9 
3 6 . 7 8 
3 0 . 1 5 
S3 
14 
-
3 . 5 4 
2 9 . 5 3 
1 9 . 9 5 
1 4 . 6 6 
2 2 . 7 5 
1 . 6 0 
3 . 8 2 
1 . 0 2 
0 . 8 7 
0 , 3 4 
1 , 2 3 
0 . 3 8 
3 6 . 6 0 
3 0 . 5 5 
S 1 9 5 
1 5 
-
3 . 8 4 
1 8 . 5 9 
2 2 , 6 0 
2 2 . 0 0 
1 7 . 6 5 
8 .33 
2 .39 
1.00 
0 . 8 5 
0 . 2 1 
0 .84 
0 .4 8 
4 8 , 1 0 
35 .57 
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T:\BLE. X6A (contcL.,) 
Sample 
Sl .TJO. 
Q 
Or 
Ab 
An 
D i 
Hy 
0 1 
Mt 
1 1 
Ap 
S128 
16 
-
4 . 7 3 
29 .58 
22 .55 
9 .23 
2 1 . 2 8 
3 ,35 
3.77 
1.63 
-
S132 
17 
-
2.3C 
31 .69 
21 .30 
1 1 . 4 1 
2 1 . 1 1 
3 .05 
4 . 0 4 
1 .44 
0 .99 
S 7 8 
18 
G . I . P 
-
-
21 .55 
22 .85 
25 .64 
1,86 
1 8 . 4 0 
2 .98 
1.76 
1 .18 
S143 
19 
.W. NOR 
-
-
24.50 
21.09 
1 8 . 1 6 
2 1 . 3 1 
5 .37 
2 .88 
1 .63 
1.39 
S144 
20 
MS 
-
7 . 9 8 
33 .80 
12 .95 
1 8 , 5 4 
2 .66 
1 5 . 7 8 
3 .39 
1 .61 
1 ,34 
S270 
21 
-
9 .16 
27.89 
16 ,23 
1 6 , 4 3 
7*32 
1 3 , 4 7 
3 .26 
1.69 
1 .11 
S271 
22 
-
8 , 2 8 
2 9 . 1 5 
15 ,19 
1 8 . 2 3 
1 0 . 6 1 
1 1 . 0 4 
3 .56 
2 . 1 4 
1 .11 
R/\TIOS 
Fe^O /FeO 
FeO^^igO 
Mg/Mgs-Pe 
R b / S r 
K/Rb 
S . I . 
e (Tbcca) 
0 .27 
1.87 
0 .29 
0 . 1 3 
347 
28.19 
29 .55 
0 .29 
1 .87 
0 . 2 9 
28 .50 
2 9 . 4 8 
0 .22 
1.11 
0 . 4 1 
4 2 . 7 1 
32 .14 
0 .24 
1 ,02 
0 . 4 3 
4 3 . 6 7 
3 3 . 3 8 
0 . 3 1 
1 . 07 
C. 2 
0 . 0 8 
329 
38 .39 
25 .09 
0 .29 
1.09 
0».41 
0 ,10 
226 
38 ,55 
27,47 
0 . 2 9 
1 .15 
0 ,40 
37 .90 
27 .66 
154 
TaBLE 16>» ( c o n t d . , ) 
Sample 3 230 S256 '"ivg, a v g . T o t a l Avg. 
S l . ^ I o . 23 24 (1-12) ( 1 3 - 2 ; ) (1 -24) 
C . I . P . W , WORMS 
Q 
Or 
a b 
*m 
Di 
Hy 
01 
Mt 
1 1 
'•^P 
Fe^^/F CO 
FeO/ilgO 
Ug/Mg+'^e 
R b / S r 
K/Rb 
S . I . 
e (The a) 
-
1 1 . 8 2 
1 6 , 9 0 
24 .53 
11 .66 
19 .55 
5 .64 
3 .84 
2 .26 
0 .87 
0 .29 
1.40 
0 .34 
0 .09 
377 
33 .81 
32 .55 
-
12 .12 
29 .15 
16 .97 
11.26 
14 .63 
6 .82 
3.29 
1.74 
1 .11 
0 .30 
1.28 
0 , 3 8 
0 .17 
288 
33 .71 
27.76 
2 .27 
4 . 5 7 
27 .29 
19 .46 
14 .75 
22 .57 
-
3.55 
1.46 
1 .13 
R;\TIOS 
0 .29 
1.65 
0 . 3 3 
0 ,06 
234 
3 1 . 7 3 
30 .16 
5 .61 
26 .79 
1 9 . 5 8 
16 .30 
15 .33 
7 . 7 8 
S.-^O 
1.59 
0 .90 
0 . 2 8 0 . 2 8 
1.27 1.46 
0.'^9 0 . 3 6 
0 .10 0 . 0 8 
261 249 
37 .24 34 .49 
3 0 . 1 1 3 0 . 1 3 
(1 -12) -- q u a r t z n o r n a t i v e ; (13-24) = o l i v i n e n o r m a t i v e ; 
S . I . s c l i d i f i c a t i o n i d e x ; ©• (The ta ) = T h e t a v a l u e s ^ 
* = t o t a l i r o n as FeO 
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TaBLE 17o 
S a m p l e 
S i O ^ 
TiO^ 
^ 1 2 ^ ^ 
FeO 
ilqO 
CaO 
Na^O 
^ 2 ^ 
!inO 
^ 2 ° 5 
LOI 
ij.'iJOR, mWOR TiND TR'»CE 
iliNGIKHUT.A B.iSIC VOLCa 
M-^  21 
1 
5 - : . 45 
0 . 2 9 
1 3 . 7 0 
2 . 0 1 
/ . /D 
8 . 9 1 
5 . 9 ! 
2 . 3 5 
1 . 2 0 
0 . 2 4 
0 . 1 8 
2 . 8 7 
M-24 
2 
5 4 , 1 1 
0 . 4 3 
1 5 . 1 8 
1 . 9 8 
8 , 3 2 
5 . 6 8 
6 . 4 9 
3 . 8 2 
0 . 3 6 
0 . 2 5 
0 . 1 0 
3 . 3 1 
M-30 
3 
5 5 . 0 8 
0 . 2 5 
1 4 . 3 9 
2 . 2 5 
7 . 1 0 
5 . 1 4 
6 . 6 0 
2 . 4 1 
1 . 8 0 
0 . 2 1 
0 . 1 7 
2 . 7 6 
ELEMENT CC 
WICS 
iyi-2 2 
A 
5 4 . 3 4 
0 . 7 6 
1 5 . 0 1 
1 . 9 2 
8 . 7 6 
3 . 9 9 
8 . 3 6 
3 . 0 2 
1 . 0 2 
0 . 2 6 
0 . 0 4 
1 . 4 3 
)MPOSITION O: 
M-25 
5 
5 4 . 8 7 
0 . 3 0 
1 4 . 8 1 
1 .9 2 
? . 8 4 
4 . 8 5 
7 . 3 7 
3 . 3 5 
1 . 0 2 
0 . 2 3 
0 . 1 6 
2 . 9 8 
TOT..L 95.98 100.03 98.16 98.91 99.70 
FeO* 9.57 10.10 9.13 10.49 9.57 
136 
46 
161 
205 
20 
87 
15 
86 
(ppm) 
ML 
Co 
C r 
Cu 
'=b 
S r 
Pb 
Z t i 
19 2 
47 
367 
276 
88 
1 3 5 
13 
72 
J 58 
TaBLD : 7 ( c o n t d . , ) 
S n m p l e 
(wtv.) 
S i O ^ 
T i O . 
a l „ 0 „ 
^ ^ 2 ° 3 
F e O 
riaO 
CaO 
Na^O 
K^O 
FlnO 
^ 2 ^ 5 
LOI 
TOri iL 
M-.":6 
5 
134.12 
0 . 2 4 
1 4 . 9 2 
1 . 2 0 
7 . 7 2 
4 . 4 5 
C . 4 7 
3 . 1 5 
1 . 5 0 
0 . 2 1 
0 . 1 2 
2 . 7 0 
9 8 . 8 0 
M - 2 3 
7 
5 6 . 0 7 
0 . 2 5 
1 4 . 2 2 
1 . 7 9 
7 . 5 2 
3 . 8 7 
3 . 6 9 
3 . 0 2 
1 . 5 0 
0 . 2 5 
0 . 1 7 
2 . 9 0 
1 0 0 . 2 5 
11-19 
8 
5 6 . 2 9 
0 . 5 7 
1 3 . 4 7 
1 . 9 8 
7 . 7 6 
6 . 1 7 
5 . 1 7 
2 . 7 5 
1 . 2 6 
0 . 1 5 
0 . 1 2 
2 o 8 3 
9 8 . 5 2 
hvg , 
( 1 - - 8 ) 
5 4 . 9 2 
0 . 4 9 
1 4 . 4 7 
.1 . 8 8 
7 . 8 5 
5 . 3 8 
7 . 1 3 
2 . 9 8 
1 . 2 1 
0 . 2 3 
0 . 1 3 
2 . 7 2 
9 9 . 2 9 
FeO* 8.80 9 . 1 3 9,' 9 .54 
(pprii) 
Ni 
Co 
Cr 
Cu 
Rb 
S r 
Pb 
2n 
1 4 7 
4 6 
2 7 9 
1 0 8 
30 
1 1 9 
4 3 
8 7 
14 5 
' 1 
2 7 3 
1 1 5 
59 
1 7 1 
39 
9 1 
1 6 1 
4 7 
3 8 6 
9 5 
6 2 
119 
4 1 
8 9 
1 5 6 
4 6 
2 9 3 
1 6 0 
5 2 
1 2 6 
3 1 
8 5 
* •-= t o t a l i r o n a s FeO; LOI = l o s s on I g n i t i o n . 
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TABLE 17A. C . I . P . W . NORiiS ANJ RATIOS OF hV "fGIKFIUTA 
BASIC VOLCANICS 
S a a i p l e M--21 M-24 M-30 M-22 xM-25 
S I . N o . 1 2 3 4 5 
C . I . P / J . NORMS 
Q 
Or 
Ab 
An 
Di 
Hy 
Mt 
1 1 
Ap 
Fe^O, ypeo 
Foo/'i-IgO 
Mg/Hg+Fe 
Rta/S; 
K/Rb 
S . I . 
e d'. 
r 
i . e t a ) 
5 .38 
7 . 2 3 
1 9 . 9 1 
23 ,35 
4 .29 
32 .62 
3 .02 
0 . 6 1 
0 .34 
0 .26 
1.18 
0 .50 
0 .65 
1 1 3 
40 .10 
36 .84 
3.90 
2 ,22 
32 .49 
23 .07 
6 .89 
24 .38 
2 .78 
0 .76 
0 .34 
0 .24 
1.78 
0 .36 
2 8 . 2 3 
33 .45 
9 .48 
1 0 . 5 6 
20 .43 
23.07 
7 .33 
20.50 
3.25 
0 .46 
0 .34 
R/iTIOS 
0 .32 
1.78 
0 .30 
77 .48 
35 .78 
6 . 3 6 
6 . 1 2 
2 5 . 6 8 
24 .19 
1 4 . 4 1 
16 .50 
2 .78 
1.52 
0 . 2 2 
2 . 6 3 
0 . 2 3 
0 . 2 3 
4 25 
2 1 . 3 2 
3 5 . 3 3 
5 .90 
6 .12 
28.30 
22.24 
1 1 . 2 8 
19 .17 
2 .78 
0 . 6 1 
0 ,34 
0 .24 
1.97 
0 . 2 8 
25 .55 
33 .88 
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TABLE 1 7 a ( c o n t u , , ) 
C . i . P . W . .MORFIS 
S a m p l e M-IS h - 2 3 M-.19 a v g . 
G l . l ^ o . 6 7 8 ( 1 - 8 ) 
Q 
O r 
Ab 
An 
D l 
riy 
Mt 
1 1 
r^p 
F e ^ O ^ / F e O 
FcO/iUgO 
Mo/^Ir;+ Fe 
R b / S r 
K/Rb 
S . I , 
G ( T h e t a ) 
3 . 7 8 
8 . 0 0 
2 6 . 7 2 
2 1 , 9 6 
1 5 . 9 6 
1 6 . 2 1 
1 .86 
0 . 4 5 
0 . 3 4 
0 . 1 5 
1 , 9 8 
0 . 2 8 
0 . 2 5 
4 1 5 
2 4 . 6 9 
3 2 . 6 8 
7 . 6 d 
8 . 9 0 
2 5 , 6 8 
2 0 . 5 7 
1 8 . 0 7 
1 3 . 0 9 
2 . 5 5 
0 . 4 6 
0 . 3 4 
Rr'lTIOS 
0 . 2 4 
2 . 3 6 
0 , 2 5 
0 . 3 5 
2 1 2 
2 1 . 8 6 
3 4 . 2 9 
1 1 . 2 0 
7 . 2 3 
2 3 . 0 6 
2 0 . 8 5 
3 . 1 8 
2 5 . 8 5 
2 . 7 8 
1 . 0 6 
0 . 3 4 
0 , 2 6 
1 . 5 5 
0 . 3 3 
0 . 5 2 
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3 0 . 9 7 
3 5 . 7 4 
6 . 7 7 
7 . 1 6 
2 5 . 2 9 
2 2 . 4 1 
1 0 , 1 8 
2 1 . 0 4 
2 . 7 3 
0 . 7 4 
0 . 3 0 
0 . 2 4 
1 , 9 0 
0 . 3 2 
0 , 4 0 
2 6 7 
2 7 , 5 3 
3 4 . 7 5 
S . I , s o l i f i c a t i o n i n d e x ; 6 (The ta ) = T h e t a V a l u e s . 
FeO* = t o t a l i r o n a s FeO 
i5n 
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CaO 
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P 2 ° 5 
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0 . 24 
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8 . 0 9 
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1 , 8 7 
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0 . 2 3 
(pi')in) 
>Ii 156 15 18 300 220 110 
Co 45 20 24 4 2 
C r 293 44 56 792 600 34'^ 
Cu 160 74 
  
52 
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0 . 4 0 
10 
215 
580 
0 . 0 5 
30 
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440 
0 . 0 
Rb    61 
S r    4 7 1 
K/Rb    253 
xRb/Sr .  . 8 0 . 1 3 
"" •- - c o t a l i r o n a s F e ^ O ^ . 
1 . Tivceragc o f (8) I'larxgikhu'cci b a s i c v o l c a n i c s ( b a s a l t i c 
a ^ i o e s i t e s ) ; 2 a n d 3 . I s l a n d a r c a n d c a l c a l k a l i n e 
a n d e s i t e s ( C o n c d e , 1 9 7 6 ) ; 4 . ^ i v e r a a e o f (22) i r o n r i c h 
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5 . B o n i n i t G y c e n t r e o f P i l l o w , T s u r i - h a r n a ( K u r - o d a c t a i 
• 1 9 7 8 ) , 6 .•"\vsrage o f b o n i n i i : e 5 : f r o m C h i c h i J i m a ( S h i r a k i 
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Broeu, a( 
g r o u p s 
( i n B,Y 
(Wt%) 
S i O ^ 
1'i^o 
• ^ l 2 ° 3 
^ ^ 2 ° 3 
FeO 
ilgO 
CaO 
Na^O 
^ 2 ° 
^ 2 ° 5 
MnO 
MgO/FeO" 
(ppm) 
K i 
Co 
C r 
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( 3 . 5 - 3 . 2 ) 
. ) 
T 
3 8 . 0 5 
0 . 2 7 
3 . 0 8 
6 . 1 9 
5 . 8 7 
3 2 . 3 0 
2 . 4 5 
1 . 0 3 
0 . 0 7 
0 . 5 0 
0 . 1 5 
* 2 . 8 2 
962 
37 
2 5 3 1 
( 2 . 9 - 2 . 8 ) 
4 8 . 1 4 
0 . 9 9 
9 . 1 0 
3 . 8 1 
6 . 6 9 
1 9 . 3 1 
7 . 4 3 
2 . 8 1 
0 . 5 3 
0 . 3 8 
0 . 0 4 
1 . 9 1 
4 27 
59 
4 36 
( 2 . 6 - 2 . 5 ) 
3 
5 1 . 4 0 
0 . 6 9 
1 4 . 3 5 
1 .26 
8 , 5 5 
6 . 0 5 
1 1 . 8 9 
2 . 1 9 
0 . 5 1 
0 . 5 3 
0 . 1 4 
0 . 6 6 
124 
66 
290 
( 1 . 5 - 1 . 4 ) 
4 
4 7 . 8 4 
1 . 3 9 
1 2 . 2 2 
3 . 9 0 
8 . 3 0 
1 2 . 6 8 
5 . 4 2 
2 . 3 1 
1 . 0 7 
0 . 2 8 
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( 0 . 3 - 0 - 2 ) 
5 
5 1 . 7 5 
0 . 5 6 
1 6 . 6 4 
5 . 0 2 
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4 . 5 0 
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0 . 2 6 
0 . 6 7 
52 
45 
1 8 9 
( 0 . 0 6 ) 
6 
4 9 . 1 9 
2 . 5 2 
1 4 . 4 4 
5 . 2 2 
7 . 7 1 
6 . 7 4 
8 . 5 5 
2 . 6 7 
1 . 1 8 
0 . 3 9 
0 . 1 4 
0 . 5 4 
92 
5 1 
152 
B . Y . = b i l l i o n y e a r s ; * - t o t a l i r o n a s F e O . 
1 . A v e r a g e o f (9) p e r i d o t i t i c k o i n a t i i t e f r o m H o l e n a r a s i p u r 
( H u s s a i n e t a l 1 9 8 0 ) ; 2 . A v e r a g e o f (7) o r t h o a m p h i b o l i t e s 
a s s o c i ' - i t s d w i t h u l t r a m a f i c s f r o m K a d a k o l a ( G a t y a n a r a y a n a e t a l . 
1 9 7 4 ) ; 3 . A v e r a g e o f (45) C h i t r a d u r g a m e t a b a s a l t s ( N a q y i a n d 
H u s s a i n , 1 9 7 4 b ) ; 4 . A v e r a g e o f (8) d o l e r i t e s a n d b a s a l t s f r om 
C u d d a p a h b a s i n ; 5 , A v e r a g e o f (25) Z h a n s k a r b a s i c v o l c a n i c s 
( D i v a k a r a Rao 1 9 7 9 ) ; 6 . A v e r a g e o f D e c c a n t r a p s f r o m P a v a g a r h 
( S i n h a & T i w a r i , 1964) . 
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